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ARYLAMIDOALKYL-N-HYDROXYUREA COMPOUNDS 
HAVING LIPOXYGENASE INHIBITORY ACTIVITY 



Technical Field 

5 This invention relates to compounds having activity to inhibit lipoxygenase 

enzymes, to pharmaceutical compositions comprising these compounds, and to a 
medical method of treatment More particularly, this invention concerns certain 
substituted arylamidoalkyl-N-hydroxyurea compounds which inhibit leukotriene 
biosynthesis, to pharmaceutical compositions comprising these compounds, and to 
1 o a method of inhibiting lipoxygenase activity and leukotriene biosynthesis. 



Background of the Invention 
5-Lipoxygenase is the first dedicated enzyme in the pathway leading to the 
biosynthesis of leukotrienes. This important enzyme has a rather restricted 

1 5 distribution, being found predominantly in leukocytes and mast cells of most 
mammals. Normally 5-lipoxygenase is present in the cell in an inactive form; 
however, when leukocytes respond to external stimuli, intracellular 5-lipoxygenase 
can be rapidly activated This enzyme catalyzes the addition of molecular oxygen to 
fatty acids with cw,cw-l,4-pentadiene structures, converting them to 1- 

20 hydroperoxy-fr^ci>2,4-pentadienes. Arachidonic acid, the 5-lipoxygenase 
substrate which leads to leukotriene products, is found in very low concentrations 
in mammalian cells and must first be hydrolyzed from membrane phospholipids 
through the actions of phospholipases in response to extracellular stimuli. The 
initial product of 5-lipoxygenase action on arachidonate is 5-HPETE which can be 

25 reduced to 5-HETE or converted to LTA4 This reactive leukotriene intermediate is 
enzymatically hydrated to LTB4 or conjugated to the tripeptide glutathione to 
produce LTC4. LTA4 can also be hydrolyzed nonenzymatically to form two 
isomers of LTB4. Successive proteolytic cleavage steps convert LTC4 to LTD4 
and LTE4. Other products resulting from further oxygenation steps have also been 

30 described in the literature. Products of the 5-lipoxygenase cascade are extremely 
potent substances which produce a wide variety of biological effects, often in the 
nanomolar to picomolar concentration range. 

The remarkable potencies and diversity of actions of products of the 5- 
lipoxygenase pathway have led to the suggestion that they play important roles in a 

35 variety of diseases. Alterations in leukotriene metabolism have been demonstrated 
in a number of disease states including asthma, allergic rhinitis, rheumatoid arthritis 
and gout, psoriasis, adult respiratory distress syndrome, inflammatory bowel 
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disease, endotoxin shock syndrome, atherosclerosis, ischemia induced myocardial 
injury, and central nervous system pathology resulting from the formation of 
leukotrienes following stroke or subarachnoid hemorrhage. 

The enzyme 5-lipoxygenase catalyzes the first step leading to the 
5 biosynthesis of all the leukotrienes and therefore inhibition of this enzyme provides 
anapproachtoliimtuieeffectsofaUtheproductsof^ Compounds 
which inhibit 5-lipoxygenase are thus useful in the treatment of disease states such 
as those listed above in which the leukotrienes play an important role. 

10 Summary of the Invention 

In its principal embodiment, the present invention provides certain 
substituted amidoalkyl-N-hydroxyurea and arninoalkylurea compounds which 
inhibit lipoxygenase enzyme activity. The compounds are useful in the treatment of 
allergic and inflammatory disease states in which leukotrienes play arole including 

15 asthma, allergic rhinitis, rheumatoid arthritis and gout, psoriasis, adult respiratory 
distress syndrome, inflammatory bowel disease, endotoxin shock syndrome, 
ischmemia induced myocardial injury, atherosclerosis and central nervous system 
pathology resulting from the formation of leukotrienes following stroke or 
subarachnoid hemorrhage. 

20 The compounds of the present invention are of the formula 

O 
II 

I 

OM 

orapharmaceutically acceptable salt thereof wherein R 1 is selected from the group 
25 consisting of hydrogen, alkyl of from one to six carbon atoms, alkenyl of from 
two to six carbon atoms, cycloalkyl of from three to six carbon atoms, and NR 2 R 3 
where R 2 and R 3 are independently hydrogen or alkyl of from one to six carbon 
atoms. 
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The group A is selected from the group consisting of 

(a) 




wherein R 4 is selected from (a) hydrogen, (b) one, two, or three halogen atoms, 
(c) amino, (d) alkyl of from one to six carbon atoms, (e) alkoxy of from one to 

20 twelve carbon atoms, (f) alkenyloxy in which the alkenyl portion is of from one to 
twelve carbon atoms, (g) phenoxy, optionally substituted with one, two, or three 
halogen atoms, alkyl of from one to six carbon atoms, haloalkyl of from one to six 
carbon atoms, alkoxy of from one to six carbon atoms, phenylalkoxy in which the 
alkoxy portion is of from one to six carbon atoms, (h) thiophenoxy , optionally 

25 substituted with one, two, or three halogen atoms, alkyl of from one to six carbon 
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atoms, haloalkyl of from one to six carbon atoms, alkoxy of from one to six carbon 
atoms, (i) benzoyl, (j) pyridyloxy, (k) phenylsulfonyl optionally substiuted with 
halogen, and Q) phenylanrino optionally substituted with halogen. 

The group R 5 is hydrogen or phenyl optionally substituted with halogen or 
5 alkyl of from one to six carbon atoms; W is -CH 2 -, -0-, or -S-; X is -CH- or N; Y 
is a valence bond or is selected from alkylene of from one to six carbon atoms, 
alkenylene of from two to sue carbon atoms, and oxyalkylene of from one to six 
carbon atoms; and Z is oxygen, NR 6 , or sulfur, where R 6 is alkyl of from one to 
six carbon atoms or substituted or unsubstituted carbocyclic aryl. 
l o The group B is selected from the group consisting of 



(a) 



(b) 



R* 
I 

II 

O 



R 9 



15 O 

(0 



R* 

I 



20 (d) 



-(S02)-NR 9 -D- 



wherein R 9 is selected from hydrogen, alkyl of from one to six carbon atoms, 
benzyl, or thienylmethylene, and D is straight or branched chain alkylene of from 
25 one to six carbon atoms; and mis 0 or 1. 

The group M is hydrogen, a pharmaceutically acceptable cation, or a 
pharmaceutically acceptable prodrug leaving group. 

In another aspect, the present invention provides pharmaceutical 
compositions comprising a lipoxygenase inhibiting effective amount of a compound 
30 as defined above in combination with a pharmaceutically acceptable carrier. 
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In yet another aspect, the present invention provides a method of inhibiting 
lipoxygenase enzyme activity in a host mammal in need of such treatment 
comprising administering a lipoxygenase inhibiting effective amount of a compound 
as defined above. 
5 Detailed Description of the Invention 

Definitions of Terms 
As used throughout this specification and the appended claims, the term 
"alkyl" refers to a monovalent group derived from a straight or branched chain 
saturated hydrocarbon by the removal of a single hydrogen atom. Alkyl groups are 
10 exemplified by methyl, ethyl, n- and istf-propyl,*-, sec-, iso- and rerr-butyl, and 
the like. 

The term "alkenyl" denotes a monovalent group derived from a hydrocarbon 
containing at least one carbon-carbon double bond by the removal of a single 
hydrogen atom. Alkenyl groups include, for example, ethenyl, propenyl, butenyl, 
1 5 l-methyl-2-buten- 1-yl and the like. 

The term "alkylene" denotes a divalent group derived from a straight or 
branched chain saturated hydrocarbon by the removal of two hydrogen atoms, for 
example methylene, 1,2-ethylene, 1,1-ethylene, 1,3-propylene, 2,2- 
dimethylpropylene, and the like. 
20 The term "alkenylene" denotes a divalent group derived from a straight or 

branched chain hydrocaron containing at least one carbon-carbon double bond. 
Examples of alkenylene include -CH=CH-, -CI^CH^CH-, -C(CH3)=CH-, 
-CH 2 CH=CHCH 2 -, and the like. 

The term "alkenyloxy" refers to an alkenyl group, as defined above, 
25 attached though an oxygen atom to the parent molecular moiety* 

The terms "alkoxy" and "alkoxyl" denote an alkyl group, as defined above, 
attached to the parent molecular moiety through an oxygen atom. Representative 
alkoxy groups include methoxyl, ethoxyl, propoxyl, butoxyl, and the like. 
The term "cycloalkyl" denotes a monovalent group derived from a 
30 monocyclic or tricyclic saturated carbocyclic ring compound by the removal of a 
single hydrogen atom. Examples include cyclopropyl, cyclobutyl, cycopentyl, 
cyclohexyl, bicyclo[22./]heptanyl, and bicyclo[222]octanyl. 

The term "haloalkyl" denotes an alkyl group, as defined above, having one, 
two, or three halogen atoms attached thereto and is exemplified by such groups as 
3 5 chloromethyl, bromoethyl, trifluoromethyl, and the like. 

The term "phenylalkoxy" refers to a phenyl group attached to the parent 
molecular moiety through an alkoxy group, as defined above. 
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The term "prodrug leaving group" denotes a group which is cleaved in vivo 
to yield the parent molecule of the structural formulae indicated above wherin M is 
hydrogen. Examples of metabolically cleavable groups include -COR.-COOR, 
-CONRR and -CH2OR radicals where R is selected independently at each 
occurrence from alkyl, trialkylsilyl, carbocyclic aryl or carbocyclic aryl substituted 
with one or more of C1-C4 alkyl, halogen, hydroxy or C1-C4 alkoxy. Specific 
examples of representative metabolically cleavable groups include acetyl, 
methoxycarbonyl, benzoyl, methoxymethyl and trimethylsilyl groups. 

Pn»fem>.d Embodiments 
Preferred compounds of the present invention are those having the structure 

H . ? 
A^. C ^N^ D-N ^ NH 2 

0 OM 

where the values of A, D, and M are as defined above. Particular compounds 
falling within the scope of the present invention include, but are not limited to: 

N-hydroxy-N-[(((3-phenoxyphenyl)aniino)carbonyl)methyl]urea; 
N-hydroxy-N-[2-((3-phenoxyphenylbenzoyl)arnmo)ethyl]urea; 
N-hydroxy-N-[(((3-phenylniemoxyphenyl)armno)carbonyl)^ 
N^ydraxy-N-[((N-methy^ 

N-hydroxy-N-[((N-methyl-(3-phenoxyphenyl)ainmo^ 
N-hy(iroxy-tfmeftyl-N-[((N-me^ 
methyl]urea; 

N4iydroxy-N-[((N-phenylmefoyH4-^ 

N-hydroxy-N-[((N-thien-2-ylmethyl-(4-bromophenyl)annno) 

N-hydroxy-N-[((N-thien-2-ylmethyl-(4-bromophenyl)ammo)c^ 

N-hy(iroxy-N-[((N-memyl-(3-phenylmemoxyphenyl)aiiim 

N-hydroxy-N-[(((4-phenoxyphenyl)ammo)carbonyl)memyl]urea; 

N-hydroxy-N-[(((trans^(4-bromophenyl)but-3-en-2-yl)amino)carbonyl)- 

methyl]urea; 

N-hydroxy-N-[(((trans^(3-phenoxyphenyl)but-3^n-2-yl)amino)- 
carbonyl)methyl]urea; 
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N-hydroxy-N-[(((cis^(4-bromc^henyl)but-3^n-2-yl)aniino)carbonyl)- 

methyl]urea; 
N4iydn>xy-N-[2-(((4-bnra>phenyte^^ 

N-hydroxy-N-[(N-methyl-(3-phenoxyphenylbenzoyl)amino)ethyl]urea; 
5 N-hydroxy-N-[2-((3-methoxyphenylbenzoyl)amino)ethyl]urea; 

N-hydroxy-N-[2-((4-methoxyphenylbenzoyl)amino)ethyl]urea; 

N-hydroxy-N^2-((4-butoxyphenylbenzoyl)amino)ethyl]urea; 

N-hydroxy-N-[((3-butoxyphenylbenzoyl)amino)ethyl]uiea; 

N-hydioxy-N-[2-((4^Worobenzoyl)amino)ethyl]urca; 
l o N-hydroxy-N-[3-(((3-phenoxybenzoyl)amino)propyl]urea; 

N-hydroxy-N-[4-((3-phenoxybenzoyl)aniino)butyl]urea; 

N-hydroxy-N'-methyl-N-[3-((3-phenoxybenzoyl)amino)propyl]urea; 

N-hydroxy-N , -methyl-N-[2-((3-phenoxybenzoyl)amino)ethyl]urca; 

N-hydroxy-N-[2-((3-(3-trifluoromethylphenoxy)benzoyl)ainino)ethyl]urea; 
15 N-hydroxy-N-[2-((3-(4-chlorophenoxy)ben2X^l)amino)ethyl]urea; 

N-hydroxy-N'-methyl-N-[2-((3-(4-chlorophenoxy)benzoyl)amino)- 
ethyl]urea; 

N-hydroxy-N-[2-((3K4-methoxyphenoxy)benzoyl)ainino)ethyl]urea; 

N-bydroxy-N-[2-((3K3,4^cWorophenoxy)benzoyl)amino)ethyl]urea; 
20 N-hydroxy-N^2-((3-(3,5^cW(m)phenoxy)benzoyl)amino)ethyl]urea; 

N-hydroxy-N-[2-((3-(4-tm-butylphenoxy)benzoyl)amino)ethyl]urca; 

(R)-N-hydroxy-N-[2-((3-phenoxybenzoyl)amino)propyl]urea; 

N-hydroxy-N-[3-((3-phenoxybenzoyl)anrino)prop-2-yl]urca; 

N-hydroxy-N-[2-((4-phenylbenzoyl)amino)ethyl]urca; 
25 N-hydroxy-N-[2-((3-phenyhnethyloxybenzoyl)aniino)ethyl]urea; 

N-hydioxy-N42-((5-phenoxyftHan-2-oyl)amino)ethyl]urea; 

N-hydroxy-N-[2-(N-metbyl-((3<4H;Worophenoxy)phenyl)methyl)amino)- 

ethyljurca; 

N-hydroxy-N-[2-(N-methyl-((3<4-methoxyphenoxy)phenyl)ethyl)amino)- 

30 ethyl]urca; 

N-hydroxy-N-[2-(N-methyl((3-(3,4-dichlorophenoxy)phenyl)methyl)- 

amino)ethyl]urea; 

N-hydroxy-N-[2-(N-methyl-((3-(3,5-dichlorophenoxy)phenyl)methyl)- 
anrino)ethyl]urea; 

35 N-hydroxy-N-[2-(((((4-methoxy-3-phenylmethoxy)phenyl)inethyl)-N- 

methyl)anrino)ethyl]urca; 
(S)-N-hydroxy-N-[2K(tert-butoxycaTbonyl)amino)propyl]urea; 
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(R)-N-hydroxy-N-[2-((tm-butoxycaibonyl)amino)propyl]urea; 

N-hydiDxy-N-[2^(tert-butoxycarbonyl)amino)ethyl]urea; 

N-hydroxy-N-[(((3-(4-cUorophenoxy)phenyl)prop-2^nyl)amino)- 

carbonyl)methyl]urea; 
N-hydroxy-N-[2-((3-(l-methylethoxy)benzoyl)amino)ethyl]urca; 
N-hydroxy-N-[2<(3-(2-methyl-prop-2^nyloxy)benzoyl)aimno)ethyl]^ 
N-hydroxy-N-[2<(naphth-2-ylsulfonyl)amino)ethyl]urea; 
N-hydroxy-N-[2-(((l-(4-cMcrophenyb^^ 

ethyQurea; 
N-hydroxy-N-[2<((3-(4^hloropte^^ 
N-hydroxy-N-[2-((2-phenoxybenzoyl)ainino)ethyl]urca; 
N-hydroxy-N-[2-((4-phenoxybenzoyl)amino)ethyl]urea; 
N-hydroxy-N-[2<3-((4-bromophenoxy)benzoyl)amino)ethyl]urea; 
N-hydroxy-N-[2-(3K(4-fluorophenoxy)benzoyl)amino)ethyl]urea; 
N-hydroxy-N-[2-((3-(pyrid-2-yloxy)benzoyl)amino)ethyl]urea; 
N-hydroxy-N-[2K(3-phenoxyphenylacetyl)amino)ethyl]urea; 
N-hy(froxy-N-[2-((4-n-hexyloxybenzoyl)amino)ethyl]urea; 
N-hydroxy-N-[2K(5-(4-cWorophenoxy)fuian-2-oyl)amino)ethyl]ure^ 
N-hydroxy-N-[2K(4-(4<Woiothiophenoxy)tbien-3-oyl)amino)ethyl]ure^ 

(S)-N-hydroxy-N-[2-((5^Wcropto 
N-hydioxy-N-[2-((5K4^Morophe^^ 
N4iydroxy-N-[2K(3-(4-cMoiophenyls^ 
N-hy<froxy-N-[((benzo[>]fto-2K)yl)amino)ethyl]urea; 

N-hydioxy-N4((4H:Morobeiro 

N-hydioxy-N-[2-((3-benzoylbenzoyl)atnino)ethyl3urea; 

N-hydroxy-N-[2-((4-(l-phenylethyloxy)benzoyl)anrino)ethyl]ure^ 

N-hydroxy-N42^(3-(l-phenylethyloxy)benzoyl)amino)ethyl]urea; 

N-hydroxy-N-[2-(((4-(l-phenylethyl)phenyl)propion-2-yl)amino)e^ 

N-hydroxy^-[2-(((3-(l-phenyl^ 

N-hydroxy-N-[2-(((2-(l-phenylethyl)phenyl)propion-2-yl)amino)ethyl]^ 
N-hydroxy-N-[2-((3-phenoxyphenoxyacetyl)amino)ethyl]uiea; 
N-hydroxy-N-[2-((4-phenoxyphenoxyacetyl)amino)ethyl]urca; 
N-hydroxy-N-[2-((2-phenoxyphenoxyacetyl)amino)ethyl]urca; 
N-hydroxy-hT-methyl-N-[2-((quinolin-2H)yl)amino)ethyl]urea; 
N-hydroxy-N-[2-((quinolin-2-oyl)amino)ethyl]urea; 
N-hydroxy-N-[2^((3-(6-methoxyi^ 
amino)ethyl]urca; 
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N-hydroxy-N42-((3-phenylpropionyl)araino)ethyl]urea; 
N-hydroxy-N42-((3-(4-n4>utoxypte 
N-hydroxy-N^2-((3-(3-n-butox^ 
N-hydroxy-N-[2-((3-(2-n-butoxyphenyl)prop-2-enoyl)amm 
5 N-hydroxy-N-[2-((2-(6-methoxynaphth-^^ 

N-hydroxy-N-[2-((2-(4-(2-methylpropyl)phenyl)propionyl)amin 

ethyljurea; 
N-hydroxy-N-[2-((2-(2,6-dicMo^^ 

ethyljurea; 
l o N-hydroxy-N-[2-((2-phenyltW 
(d,0-N-hydroxy-N-[3-((tert-butyo^ 
N-hydioxy-N-[3-((5-(4-fluoro^^ 

N-hydroxy-N-[2-((2-(l-phenylethyloxy)benzoyl)amino)ethyl]uiea 

N-hydroxy-N44-((5-(4-fluorophenoxy)f^^ 
1 5 N-hy(froxy-N-[2-((2-phenoxybenzoyl)amino)ethyl]urea; 

N-hydroxy-N-2-[(3-(4-lm>^ urea; 

N-hydroxy-N-2-[(3-phenylpropenoyl)arnino]ethylurea; 

(R)-N-hydroxy-N-[2-(3-(4-bronK>phenyl)propenoyl)amino]pro^ 

(d,0-N-hydroxy-N-[3-(3-(4-bromophenyl)propenoyl)amino]prop-2-yl urea; 
20 N-hydroxy-N-[2-(3-(4-bromophenyl)propanoyl)amino]ethyl urea; 

N-hydroxy-N-24(3-(3-(4--chloropte urea; 

N-hydroxy-N-2-PNT-benzyloxyc^^ methyl)amino]ethyl 
urea; 

N-hydroxy-N-2-[(3-phenoxyph«iyl) methyl)amino] ethyl urea; 
25 N-hydroxy-N-2-[(3-(3-(4-chlorophenoxy)phenyl)-trans- propenoyl)amino] ethyl 
urea; 

N-hydroxy-N-2-[(3-(3-butyloxyphenyl)-trans- propenoyl)amino] ethyl urea; 
N-hydroxy-N-24(3-(4-chlon>phenoxy)phenyl>3-methyl-trans- 
propenoyl)amino]ethyl 
30 urea; 

N-hydroxy-N-2-[(3-(4-bromophenyl)-2-methyl-trans- propenoyl)amino] ethyl urea; 
N-hydroxy-N-2-[(3-(4-chlorophenoxy)phenyl)-2-methyl-trans- 
propenoyl)amino]ethyl 
urea; 

35 N-hydroxy-N-2-[(2-(3-(4-ethyloxyphenoxy)phenyl)-trans- cyclopropyl)carbonyl 
amino]- 

ethylurea; 
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(S>N-hydroxy-N-[2<(2K3-phenoxyphenyloxy)acetyl)amino)piopyl]urea; 

N-hydroxy-N-[2-((2<3-phenoxyphenyloxy)propionyl)amino)ethyl]urea; 

(d,0-N-hy(iroxy-N-[3<2K3-(4^Worophen^ 

N-hydioxy-N-[3-(3-(3-(4-chlorophenoxy)phenyl)propionyl )anrino]prop-2-yl urea; 
5 and 

N-hydroxy-N-5-[(3-phenoxybenzoyl)aimno]-pent-3-yn-2-ylurea. 

Prefened compounds of the present invention are 
N-hy<iroxy-N42-((5-(4^hlorophenoxy)fur-2K)yl)amino)euiyl]urea; 

l o (R)-N-Hy(iroxy-N-[2<(5-(4-cMoropte 

(S)-N-hydroxy-N-[2-((5K4^hlorophenoxy^ 
(R)-N-hydroxy-N-[3^(M4-fluoropheno^ 
(S)-N-hydroxy-N-[3<(5<4-miorophenoxy)f^ 
(R)-N-hydroxy-N-[3K(5-(4-flucjrotWophenoxy)furan-2^yl)amino)^^ 

1 5 (S)-N-hydroxy-N-[3<(5-(4-fluorotMopheno^ 
N-hydroxy-N-[2-((5K4-memylphenoxy)fum^ 
N-hydroxy-N-[2-((3K4^hlorophenoxy)benzoyl)amino)ethyl]urea; 
N-hydroxy-N-[(((3-phenoxyphenyl)anmno)caibonyl)methyl]urea^ 
N-hydroxy-N42K(3-phenoxyphenylben2oyl)amino)ethyl]urea; 

20 N-hydroxy-N-[2K(4-butoxyphenylbenzoyi)aniino)ethyl]urea; and 
N-hydroxy-N^2<(5<4-chlorophenoxy)furan-2-oyl)amino)ethyl]urea; 
with the compound N-hydioxy-N-[3K(5-(4-fluOTophenoxy)furan-2-oyl)amino)- 
prop-2-yl]urea and its individual enantiomers and mixtures thereof being most 
preferred. 

25 Certain compounds of this invention exist in stereoisomeric forms by virtue 

of the presence of one or more chiral centers. The present invention contemplates 
all such stereoisomers, including R- and S-enantiomers, diastereomers, and 
mixtures thereof as falling within the scope of the invention. If a particular 
enantiomer is desired, it may be prepared by chiral synthesis or by derivatization 

30 with a chiral auxiliary where the resulting diastereomeric mixture is separated and 
the auxiliary group cleaved to provide the pure desired enantiomers. Alternatively, 
where the molecule contains a basic functional group such as amino or an acidic 
functional group such as carboxyl diastereomeric salts are formed with an 
appropriate optically active acid or base, followed by resolution of the 

35 diastereomers thus formed by fractional crystallization or chromatographic means 
well known in the an and subsequent recovery of the pure enantiomers. 
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Certain compounds of the present invention may contain a basic functional 
group such as amino, alkylamino, or dialkylamino and are thus capable of forming 
salts with pharmaceutically acceptable acids. The term "pharmaceutically acceptable 
salts" in this respect, refers to the relatively non-toxic, inorganic and organic acid 
addition salts of compounds of the present invention. These salts can be prepared 
in situ during the final isolation and purification of the compounds or by separately 
reacting the purified compound in its firee base form with a suitable organic or 
inorganic acid and isolating the salt thus formed. Representative salts include the 
hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, 
oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate, 
mesylate, glucoheptonate, lactiobionate, laurylsulphonate salts and the like. (See, 
for example S. M. Berge, et al., "Pharmaceutical Salts," LPharm. Sci„ 66: 1-19 
(1977) which is incorporated herein by reference.) 

In other cases, the compounds may contain one or more acidic functional 
groups such as caiboxyland the like and are capable of forming salts with 
pharmaceutically acceptable bases. The term "pharmaceutically acceptable salts" in 
these instances refers to the relatively non-toxic, inorganic and organic base 
addition salts of compounds of the present invention. These salts can be likewise 
prepared in situ during the final isolation and purification of the compounds or by 
separately reacting the purified compound in its free acid form with a suitable base 
such as the hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable 
metal cation or with ammonia, or an organic primary, secondary, or tertiary amine. 
Representative alkali or alkaline earth salts include the lithium, sodium, potassium, 
calcium, magnesium and aluminum salts and the like. Representative organic 
amines useful for the formation of base addition salts include ethylamine, 
diethylamine, ethylenediamine, ethanolamine, diethanolamine, piperazine, and the 
like. (See, for example S. M. Berge, et al., "Pharmaceutical Salts," J. Pharm t 
ScL 66: 1-19 (1977) which is incorporated herein by reference.) 

Lipoxygenase Inhibition Determination 
Assays to determine 5-lipoxygenase inhibitory activity of representative 
compounds of the present invention were performed in 200mL incubations 
containing the 20,000xg supernatant from 1.5 million homogenized HWBL-1 cells 
and various concentrations of the test compound Reactions were initiated by 
addition of radiolabeled arachidonic acid and terminated by acidification and ether 
extraction. Reaction products were separated from nonconverted substrate by thin 
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layer chromatography and measured by liquid scintillation spectroscopy. All 
incubations are performed in triplicate. Inhibition of 5-lipoxygenase activity was 
calculated as the ratio of the amount of product formed in the presence and absence 
of inhibitor. IC50 values (concentration of compound producing 50% enzyme 
inhibition) were calculated by linear regression analysis of percentage inhibition 
versus log inhibitor concentration plots. (Dyer, RX>.; Haviv, R; Hand, A. M; 
Bomemier, D. A/, Carter, G. W. Fed. Proa, Fed. Am. Soc. Exp. Biol. 1984, 43, 
1462A). Results for compounds of the foregoing examples are indicated in Table 
1. 

Table 1 

In Vitro Inhibitory Potencies of Compounds of this Invention 
Against 5-Upoxygenase from HWBL-1 20,000xg Supernatant 



Example 


IC 50 (10* 6 M) 


1 


0.48 


2 


0.23 


3 


0.87 


4 


5.8 


5,step 2 


6.3 


5, step3 


7.3 


9 


2.8 


10 


3.5 


11 


6.6 


12 


0.73 


13 


0.83 


14 


1.8 


15 


0.64 


16 


1.9 


17 


5.0 


18 


0.25 


19 


0.26 


20 


4.5 


21 


0.07 


22 


0.33 


24 


0.29 


25 


0.43 
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26 


0.16 


27 


0.76 


28 


0.23 


29 


0.30 


30 


0.34 


31 


0.47 


32 


0.21 


33 


0.61 


34 


0.38 


35 


0.22 


36 


0.13 


37 


0.10 


38 


0.20 


39 


0.31 


40 


0.15 


41 


1.6 


46 


0.29 


47 


0.23 


48 


1.1 


49 


0.29 


50 


5.8 


51 


0.24 


52 


0.16 


53 


0.44 


54 


0.15 


55 


1.0 


56 


0.22 


57 


0.29 


58 


0.11 


59 


0.10 


60 


0.28 


61 


0.16 


62 


0.91 


63 


1.0 


64 


2.1 


65 


0.22 
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66 


0.25 


67 


0.35 


69 


0.39 


72 


0.11 


75 


0.1 


76 


1.0 


77 


0.39 


82 


5.0 


o5 


0 44 


84 


0.93 


85 


0.29 


87 


0.37 


88 


0.28 



Inhibition of Leukotriene Biosynthesis 
Inhibition of the biosynthesis of leuktrienes in vivo after oral administration 
of compound was determined using a rat peritoneal anaphylaxis model in a similar 
5 manner as that described by Young and coworkers (Y oung, P. R.; Dyer, RD.; 
Carter, G. W. Fed. Proc., Fed. Am. Soc. Exp. Biol. 1985, 44, 1185). In this 
model rats were injected intraperitoneally (ip) with rabbit antibody to bovine serum 
albumin (BSA) and three hours later injected ip with BSA to induce an antgen- 
antibody response. Rats were sacrificed 15 minutes after this challenge and the 
10 peritoneal fluids were collected and analyzed for leukotriene levels. Test 

compounds were administered by gavage one hour prior to the antigen challenge. 
Percent inhibition values were determined by comparing the treatment group to the 
mean of the control group. From the results of this assay it is demonstrated that 
compounds of this invention are orally effective in preventing the in vivo 
15 biosynthesis of leukotrienes. The results are presented in Table 2. 

Table 2 



% Inhibition of Leukotrienes 



Example Oral Dose Oral Dose Oral Dose 
at 30 iimol/kg at 50 umol/kg at 100 iimol/kg 

2 ~ ~ 84 

19 - - 63 

21 - - 95 



15 

26 - - 99 

32 -- - 90 

35 - 15 

37 .. - 80 

38 ~ 86 
40 - - 76 

55 -- - 83 

56 - 85 

60 -- - 84 

87 - 60 

23 57 

36 78 

51 47 

52 19 

53 " 33 

54 11 

63 52 

64 92 - - 
73 53 

88 84 

58 - 81 

61 - 60 » 



Preparation of Compounds of this Invention 
The compounds of this invention can be prepared from the appropriate 
starting substituted aryl amines or acids as is illustrated in Schemes I-III. The 

5 synthesis of the aniline-derived amide-linked N-hydroxy ureas of this invention 
begins with the acylation of the desired aryl amine (I) with bromoacetyl bromide. 
The resulting a-halo amide was then treated with anhydrous sodium acetate in 
refluxing absolute ethanol to provide the a-acetoxy amide which was converted to 
the corresponding alcohol (D) with aqueous sodium hydroxide at ambient 

l o temperature. The alcohol was converted to the diprotected N-hydroxyl amine (HI) 
utilizing a modified Mitsunobu procedure (Maurer, P. J.; Miller, M.J. J. Am. 
Chem. Soc, 1982, 104, 3096) with N,0-bis-t-butyloxycarbonyl hydroxylamine 
(Carpino, L. A.; et al. J. Am. Chem. Soc, 1959, 81, 955). Deprotection 
provides the hydroxylamine intermediate which is converted to the desired N- 
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hydroxy urea by treatment with trimthylsilyl isocyanate in an anhydrous, aptotic 
solvent 



10 



SCHEME I 



A-NH 2 
I 



o 



Br 



2) NaOAc, ErOH 

3) AqNaOH 



.NH 



O 

Y^N A NH 2 
O OH 



1) Aqueous HO, 
„ AcOH 

2) TMSNCO 



IV 



II o 



OH 



BocNH-OBoc 
P(Ph 3 ),DEAD 



O 

- NH Y^N A 0-t-Bu 
0 OC0 2 -t-Bu 

m 



The atyl acid (V) derived amide-linked N-hydroxy ureas are prepared 
according to the sequence described in Scheme n. Conversion of the starting acid 
to the corresponding pVhydroxy amide (VI) was achieved through acylation of the 
corresponding acid chloride with ethanol amine. The hydroxyamide was converted 
via a modified Mitsunobu process to obtain the diprotected N-hydroxyl amine (VII) 
which was deprotected and converted to the desired aryl acid derived amide-linked 
N-hydroxy urea (VIII) as described in Scheme I. 



SCHEME H 



o 



aJ. 



OH 



N 
H 



OH 

.N^NH 2 . 
O 



1) QCO-COC1 
DMF(cat) 

2) ethanol amine 



1) Aqueous HQ. 

AcOH 

2) TMSNCO 





BocNH-OBoc 
P(Ph 3 ),DEAD 



OC0 2 -t-Bu 
N^O-t-Bu 

n 

O 



VIII 



VII 



15 Alternately, compounds of this invention can be prepared by the general 

method outlined in Scheme III . A BOC-protected aminoalcohol (IX) is 
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converted to the corresponding N-hydroxyurea (XU) by oxidizing to the aldehyde, 
oxime formation, reduction to the hydroxylamine, and treatment with TMSNCO. 
The N-hydroxyurea is then selectively O-acylated to give (Xffl) which is 
deprotected under acidic conditions (TFA) and neutralized to permit the O- to N- 
rcarrangement providing the desired hydroxyurea products (XIV). 

SCHEME HI 



p "OH 

l l)PyrSO» oxidation 1 N NH, 
X^OH 2)HClH^OH,pyr bOON"^ Y 
H O 



BOG 

H 3)NaCNBH»AcOH 
IX 4) TMSNCO XII 



Et3N.CHp 2 
O 



O 

n R OH 1)TFA ? O^A 

H O H O 



XIV 



XIII 



Synthesis of amine linked N-hydroxy ureas is outlined in Scheme IV - 
10 The sequence was initiated by carrying out a reductive amination between the 
desired aryl aldehyde (XV) and the appropriate aminoalcohol (X). The resulting 
aryl aminoalcohol (XVI) was then transformed into the desired arnino-linked N- 
hydroxy urea (XVIH) following the previously described modified mitsunobu, 
deprotection, and isocyanate treatment as described in Scheme I. 
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SCHEME IV 

1) ethano] amine, 



NaCNBHj EtOH 





BocNH-OBoc 
P(Ph 3 ),DEAD 



1) Aqueous HO, OCO,-t-Bu 
- AcOH . • 2 



2)TMSN00 h 0 

xvin XVII 

Pharmaceiitical fompnrifinnc 
The present invention also provides pharmaceutical compositions which 
comprise compounds of the present invention formulated together with one or more 
non-toxic pharmaceutical^ acceptable carriers. The pharmaceutical compositions 
may be specially formulated for oral aciministration in solid or liquid form, for 
parenteral injection, or for rectal administration. 

The pharmaceutical compositions of this invention can be administered to 
humans and other animals orally, rectally, parenterally , intracisternally, 
intravaginally, intraperitoneaUy, topically (as by powders, ointments, or drops), 
bucally, or as an oral or nasal spray. The term "parenteral" administration as used 
herein refers to modes of administration which include intravenous, intramuscular, 
intraperitoneal, intrasternal, subcutaneous and intraarticular injection and infusion. 

Pharmaceutical compositions of this invention for parenteral injection 
comprise pharmaceutical^ acceptable sterile aqueous or nonaqueous solutions, 
dispersions, suspensions or emulsions as well as sterile powders for reconstitution 
into sterile injectable solutions or dispersions just prior to use. Examples of 
suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles include 
water, ethanol, polyols (such as glycerol, propylene glycol, polyethylene glycol, 
and the like), and suitable mixtures thereof, vegetable oils (such as olive oil), and 
injectable organic esters such as ethyl oleate. Proper fluidity can be maintained, for 
example, by the use of coating materials such as lecithin, by the maintenance of the 
required particle size in the case of dispersions, and by the use of surfactants. 

These compositions may also contain adjuvants such as preservative, 
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action 
of microorganisms may be ensured by the inclusion of various antibacterial and 
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antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the 
like. It may also be desirable to include isotonic agents such as sugars, sodium 
chloride, and the like, Prolonged absorption of the injectable pharmaceutical form 
may be brought about by the inclusion of agents which delay absorption such as 
5 aluminum monostearate and gelatin. 

In some cases, in order to prolong the effect of the drug, it is desirable to 
slow the absorption of the drug from subcutaneous or intramuscular injection. This 
may be accomplished by the use of a liquid suspension of crystalline or amorphous 
material with poor water solubility. The rate of absorption of the drug then depends 

i o upon its rate of dissolution which, in turn, may depend upon crystal size and 
crystalline form. Alternatively, delayed absorption of a parenterally administered 
drug form is accomplished by dissolving or suspending the drug in an oil vehicle. 

Injectable depot forms are made by forming microencapsule matrices of the 
drug in biodegradable polymers such as polylactide-polyglycolide. Depending 

1 5 upon the ratio of drug to polymer and the nature of the particular polymer 
employed, the rate of drug release can be controlled. Examples of other 
biodegradable polymers include poly(oithoesters) and poly(anhydrides) Depot 
injectable formulations are also prepared by entrapping the drug in liposomes or 
microemulsions which are compatible with body tissues. 

20 The injectable formulations can be sterilized, for example, by filtration 

through a bacterial-retaining filter, or by incorporating sterilizing agents in the form 
of sterile solid compositions which can be dissolved or dispersed in sterile water or 
other sterile injectable medium just prior to use. 

Solid dosage forms for oral administration include capsules, tablets, pills, 

25 powders, and granules. In such solid dosage forms, the active compound is mixed 
with at least one inert, pharmaceutically acceptable excipient or carrier such as 
sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as 
starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, 
for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, 

30 sucrose, and acacia, c) humectants such as glycerol, d) disintegrating agents such 
as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain 
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) 
absorption accelerators such as quaternary ammonium compounds, g) wetting 
agents such as, for example, cetyl alcohol and glycerol monostearate, h) absorbents 

35 such as kaolin and bentonite clay, and i) lubricants such as talc, calcium stearate, 
magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures 
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thereof. In the case of capsules, tablets and pills, the dosage form may also 
comprise buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft 
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as 
5 well as high molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees, capsules, pills, and granules can 
be prepared with coatings and shells such as enteric coatings and other coatings 
well known in the pharmaceutical formulating art. They may optionally contain 
opacifying agents and can also be of a composition that they release the active 
l o ingredients) only, or preferentially, in a certain part of the intestinal tract, 

optionally, in a delayed manner. Examples of embedding compositions which can 
be used include polymeric substances and waxes. 

The active compounds can also be in micro-encapsulated form, if 
appropriate, with one or more of the above-mentioned excipients. 
1 5 Liquid dosage forms for oral a<lmimstration include pharmaceutically 

acceptable emulsions, solutions, suspensions, syrups and elixirs. In addition to the 
active compounds, the liquid dosage forms may contain inert diluents commonly 
used in the art such as, for example, water or other solvents, solubilizing agents 
and emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl 
20 acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, 
dimethyl formamide, oils (in particular, cottonseed, groundnut, corn, germ, olive, 
castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol polyethylene glycols 
and fatty acid esters of sorbitan, and mixtures thereof. 

Besides inert diluents, the oral compositions can also include adjuvants such 
25 as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and 
perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending 
agents as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol 
and sorbitan esters, rmcrocrystalline cellulose, aluminum metahydroxide, bentonite, 

3 o agar-agar, and tragacanth, and mixtures thereof. 

Compositions for rectal or vaginal administration are preferably 
suppositories which can be prepared by mixing the compounds of this invention 
with suitable non-irritating excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository wax which are solid at room temperature but liquid at body 

35 temperature and therefore melt in the rectum or vaginal cavity and release the active 
compound. 
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Compounds of the present invention can also be administered in the form of 
liposomes. As is known in the art, liposomes are generally derived from 
phospholipids or other lipid substances. Liposomes are formed by mono- or multi- 
lamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any 

5 non-toxic, physiologically acceptable and metabolizable lipid capable of forming 
liposomes can be used. The present compositions in liposome form can contain, in 
addition to a compound of the present invention, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the phospholipids and the 
phosphatidyl cholines (lecithins), both natural and synthetic, 

i o Methods to form liposomes are known in the ait See, for example, 

Prescott, Ed, Methods in Cell Biology . Volume XIV, Academic Press, New York, 
N.Y, 0976), p. 33 et seq. 

Dosage forms for topical administration of a compound of this invention 
include powders, sprays, ointments and inhalants. The active compound is mixed 

1 5 under sterile conditions with a pharmaceutical^ acceptable carrier and any needed 
preservatives, buffers, or propellants which may be required. Opthalmic 
formulations, eye ointments, powders and solutions are also contemplated as being 
within the scope of this invention. 

Actual dosage levels of active ingredients in the pharmaceutical 

20 compositions of this invention may be varied so as to obtain an amount of the active 
compound(s) that is effective to achieve the desired therapeutic response for a 
particular patient, compositions, and mode of administration. The selected dosage 
level will depend upon the activity of the particular compound, the route of 
administration, the severity of the condition being treated, and the condition and 

25 prior medical history of the patient being treated. However, it is within the skill of 
the art to start doses of the compound at levels lower than required for to achieve 
the desired therapeutic effect and to gradually increase the dosage until the desired 
effect is achieved. 

Generally dosage levels of about 1 to about 50, more preferably of about 5 
30 to about 20 mg of active compound per kilogram of body weight per day are 
administered orally to a mammalian patient If desired, the effective daily dose may 
be divided into multiple doses for purposes of administration, e.g. two to four 
separate doses per day. 

35 Example 1 

Preparation of N-Hvdroxv-N-r(ff3^hen nxYphenvnamino)carbonvnmethyllurea 
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A solution of m-phenoxyaniline (6.12 g, 32.4 mmol) and triethylamine (3.7 
mL, 42.1 mmol) in anhydrous ether (100 mL) was cooled to -23'C under a 
nitrogen atmosphere. To this solution was added bromoacetyl bromide (6.8 mL, 
48.6 mmol) in anhydrous ether (30 mL). The reaction was stirred for lh at -23*C 
and diluted with ethyl acetate (500 mL). The resulting solution was washed 
sequentially (lx, 10 % aqueous HC1; lx saturated NaHC0 3; lx brine), dried 
(Na2S0 4 ), filtered, and concentrated in vacuo to provide the oc-bromoamide (10.05 
g, 101 %) as a red-brown solid which was best utilized without further purification. 

The a-bromoamide (5.39 g, 17.6 mmol) was heated at reflux in 95% 
ethanol with sodium acetate (4.33g, 52.8 mmol) and checked for completion via 
thin layer chromatography. The reaction mixture was cooled and treated with 
aqueous sodium hydroxide (1.06g, 26.4 mmol). The volatiles were removed in 
vacuo and the resulting slurry was diluted with brine (500 mL) and extracted (2x, 
EtOAc). The combined organic extracts were washed (lx, brine), dried (Na 2 S0 4 ), 
filtered, and concentrated in vacuo to provide the a-hydroxy amide as a thick, dark 
brown, oiL Chromatographic purification (100 g silica gel, 20% EtOAc:CHCl 3 ) 
provided a light brown solid(3.46 g. 81%) which was recrystallized from 
EtOAc Jlexanes to provide an analytical sample. m.p. 152.5-154 *C. 

The resulting hydroxy amide (0.50g, 2.06 mmol), triphenylphosphine 
(0.70 g, 2.67 mmol), and N,0-bis-t-butyloxycarbonyl hydroxylamine (0.56g, 2.47 
mmol) were dissolved in anhydrous tetrahydrofuran (THF) (5 mL) and cooled to 
0*C. To this solution was added diethylazodicarboxylate (DEAD)(0.42 mL, 2.67 
mmol) in anhydrous THF (3 mL). The reaction was stirred at 0 'C for lh and the 
volatiles removed in vacuo. Chromatographic purification (100 g silica gel, 25% 
EtOAcrHex) provided the bis-protected a-N-hy<lroxylamino amide (0.503 g, 53%) 

as a colorless foam. 

The deprotection was carried out by dissolving the hydroxylamino amide 
0.463 g, 1.01 mmol) in glacial acetic acid (4 mL) and adding 6N aqueous 
hydrochloric acid (1.7 mL, lO.lmmol) and stirring for one hour at ambient 
temperature. The pH of the reaction was adjusted to -10 by first adding 15% 
aqueous sodium hydroxide to pH=7, then adding saturated sodium carbonate until 
the desired pH was achieved. The resulting cloudy aqueous solution was extracted 
(2x, EtOAc). The combined organic extracts were washed (lx, brine), dried 
(Na2S04), filtered, and concentrated in vacuo to provide the deprotected hydroxyl 
amine (0.26 g, 100%). Without further purification, hydroxyl amine was dissolved 
in anhydrous THF (5 mL) and treated with trimethylsilyl isocyanate (273 mmol, 
2.0 mmol). The reaction was judged complete by thin layer chromatography after 
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lh and quenched by adding excess aqueous hydrochloric acid (5 mL 10% HC1). 
The two-phased solution was partitioned between brine and EtOAc, The organic 
layer was drawn off and washed (lx, brine), dried (Na2S04), filtered, and 
concentrated in vacuo to provide the title compound Recrystallization from 

5 acetone/methanol provided an analytical sample (0. 15 g, 49%). m.p. 1 82.5-184 °C 
with decomposition; *H NMR (300 MHz, DMSO-d6); 9.87 (1H, s), 9.46 (1H, 
s), 7.27-7.43 (5H, m), 7.15 (1H, t, J=7 Hz), 7.03 (2H, t, J=7 Hz), 6.73 (2H, s), 
6.25 (1H, m), 6.40 (2H, s), 4.11 ( 2H, s); MS (M+H)+ = 302, (M+NH4)+ = 
319. Analysis calc'd for C15H15N3O4 : C, 59.80 H, 5.02; N, 13.95; Found: C, 

10 59.85; H, 5.08; N, 14.00. 



Example 2 

15 Preparation of N-Hvdroxv-N-r2-((3-phenoxvphenvlbenzovl)amino)ethvllurea 
A solution of m-phenoxybenzoic acid (6.06 g, 28,29 mmol)in anhydrous 
THF (90 mL) was cooled to 0°C under a nitrogen atmosphere. To this solution 
was added a catalytic amount of dimethy lfonnanride (DMF) (3 drops) and oxalyl 
chloride (4.94 mL, 56.58 mmol) in dichloromethane (20 mL). After complete 

20 addition, the cooling bath was removed, the reaction was stirred for 1 h, the 

volatiles were removed in vacuo, and the residue was dissolved in chloroform (100 
mL) and concentrated in vacuo (three cycles) to provide the corresponding acid 
chloride which was used without further purification. 

To a solution of ethanol amine (3.42 mL, 56.58 mmol) and triethylamine 

25 (5.92 mL, 47.44 mmol) in dichloromethane (90 mL) was added the acid chloride in 
dichloromethane (20 mL). The reaction was stirred at ambient temperature for 0.5h 
and poured into 10% aqueous HC1. Hie resulting two-phased solution was 
extracted (2x, dichloromethane). The combined organic extracts were washed 
sequentially (lx, saturated NaHC(>3; lx, brine), dried (MgS04), filtered and 

30 concentrated in vacuo to provide the corresponding amide (8.20 g, 1 13%) as a thick 
oil which was used without further purification. 

Following the procedure for the conversion of Example 1 but using anride 
prepared above (3.04 g, 14. 19 mmol), the desired di-protected N-hydroxylamine 
(3.85 g, 57%) was obtained after chromatographic purification (250 g silica gel, 

35 20%EtOAc:Hex). 

Deprotection of the di-protected N-hydroxylamine (1 1.94 g, 25.2 mmol) 
and treatment of the resulting N-hydroxylamine with TMSNCO as described above 



WO 93/02037 



PCT/US92/05715 



24 

provided the title compound (3.55 g, 45%) after rccrystallization from 
methanohEtOAc. m.p. 182.5-184 *C with decomposition; l H NMR (300 MHz, 
DMSO-d6); 9.82 (1H, s), 8.52 (1H, t, J=5 Hz),7.61 (1H, dt, J= 8,1,1), 7.38- 
7.52 (4H, m), 7.18 (2H, m), 7.03 (2H, dq, J=7,l,l,l, Hz), 6.33 (2H, s), 3.37- 
5 3.53 (4H,m); MS (M+H)+ = 316,(M+NH4)+ = 333. Analysis calc'd for 
C16H17N3O4 : C, 60.95 H, 5.43; N, 13.33; Found: C, 60.90; H, 5.45; N, 
13.31. 

Example 3 

Preparation of N-Hvdroxv-N-rff ( 3-phenvlmethoxvDhenvn amino^carbonvn- 
10 methyllurea 

The title compound was obtained following the procedures described in 
Example 1, but employing 3-benzyloxyaniline in lieu of 3-phenoxyaniline. m.p. 
177-178 'C with decomposition; ^H NMR (300 MHz, DMSOdg); 9.82 (1H, s), 
8.52 (1H, t, J=5 Hz),7.61 (1H, dt, J= 8,8,1,1,1), 7.38-7.52 (4H, m), 7.18 (2H, 
15 m), 7.03 (2H, dq, J=7,7,l,l,l, Hz), 6.33 (2H, s), 3.37-3.53 ( 4H, m); MS 
(M+H)+ = 316, (M+NH4) + = 333. Analysis calc'd for C16H17N3O4 : C, 60.95 
H, 5.43; N, 13.33; Found: C, 60.90; H, 5.45; N, 13.31. 

Example 4 

20 Preparation of N-Hvdroxv-N-rfn^-memvl-G-p henoxvphenvnaniino)carbonvl V 
methyllurea 

Step 1: Preparation of N-Methvl 4-phenoxvaniline 

A solution of 4-phenoxyaniline (10 g, 54.0 mmol) and ethyl formate (22 
mL, 270 mmol) in toluene (200 mL) were heated at reflux for 18h and the volatiles 

25 were removed in vacuo to provide the corresponding formamide derivative. The 
resulting oil was dissolved in anhydrous THF (1 15 mL) and added in a dropwise 
fashion to a suspension of lithium aluminum hydride (2.05 g, 108 mmol) in THF; 
the addition rate was adjusted to maintain a steady reflux. The reaction was 
refluxed for lh after complete addition of the formamide, cooled to ambient 

30 temperature, and quenched by the sequential addition of H2O (2.05 mL), 15% 
aqueous NaOH (2.05 mL), and H2O (6.15 mL). The resulting slurry was stirred 
for lh and filtered through a celite pad. The filtrate was dried (Na2S04), filtered 
and concentrated in vacuo to provide the title aniline as an oil which was employed 
without further purification. NMR (300 MHz, CDCI3); 7.23-7.31(2H, m), 

35 6.90-7.03 (5H, m), 6.60(2H, d, J=9 Hz),ca. 3.62 (1H, br s), 2.83( 3H, s); MS 
(M+H)+ = 200, (M+NH4) + = 217. 
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Step 2; Preparation of N-Hvdroxv-N-rCfN-methvl-O-phenoxyphenvDaminoV 
carbonvl)methvllnrea 

The title compound was obtained following the procedures described in 
Example 1, but employing the 4-phenoxyaniline, prepared in step 1, above in lieu 
5 of 3-phenoxyaniline. m.p. 147-148 °C; *H NMR (300 MHz, DMSO-d6); 9.02 
(1H, s), 7.43 (2H, t, J=7.5 Hz),7.34 (2H, t, J= 7.5 Hz), 7.18 (1H, t, J= 7 Hz), 
7.05 (4H, br t, J=7.5 Hz), 6.27 (2H, s), 3.87 ( 2H, br s), 3.16 ( 3H, br s); MS 
(M+H)+ = 316, (M+NH4) + = 333. Analysis calc'd for C16H17N3O4 : C, 60.95 
H, 5.43; N, 13.33; Found: C, 60.62; H, 5.48; N, 13.24. 



Example 5 

15 Preparation of N-Hvdroxv-N-IY f N-methvl-f 3-phenoxvphenvnaminotearbonvn- 
methvnurea and N.Hvdroxv-lSrmet hvl.N.rffN-methvl-fS-phenoxvphenvlV 
aimnolcarbonvKmemvllurea 
Step 1: Preparation of N-Methvl-3-phenoxvaniline 

The title compound was obtained following the procedures described in 

20 Example 4, step 1, but employing 3-phenoxyaniline in lieu of 4-phenoxyaniline. 
!H NMR (300 MHz, CDCI3); 7.25-7.37(2H, m), 7.00-7.14 (4H, m), 6.27- 
6.38(3H, m),ca. 3.73 (1H, br s), 2.80( 3H, s); MS (M+H) + = 200, (M+NH4)+ = 
217. 

Step 2: Preparation of N-Hvdroxv-N.rffN-methvl- G-phenoxvphenvnaminoV 

25 carbonvDmethvUnrea 

The tide compound was obtained following the procedures described in 
Example 1, but employing the product of step 1, above. m.p. 109.5-1 12 *C; l H 
NMR (300 MHz, DMSO-d6); 9.23 (1H, s), 7.39-7.47 (3H, m),7.02-7.22 (6H, 
m), 6.28 (2H, s), 3.92 ( 2H, br s), 3.18 ( 3H, br s); MS (M+H)+ - 316, 

30 (M+NHt)+ - 333. Analysis calc'd for Ci6H 17 N 3 04 : C, 60.95 H, 5.43; N, 
13.33; Found: C, 60.68; H, 5.44; N, 13.30. ' 

Step 3: Preparation of N-Hvdroxv-N'-methvl-N-rfrN-methvl-f3-phenoxvphenvn- 
amino)carbonvl)methvnurea 

The tide compound was obtained following die procedures described in step 
35 2, above but employing N-methyl isocyanate (Me-NCO) in lieu of TMSNCO to 
provide the title compound as an amorphous solid *H NMR (300 MHz, DMSO- 
d 6 ); 9.18 (1H, s), 7.39-7.47 (3H, m),6.93-7.22 (6H, m), 6.79 (1H, br q, J= 5 
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Hz), 3.93 ( 2H, br s), 3.18 ( 3H, br s), 2.58 (3H, d, J= 5 Hz); MS (M+H)+ = 
330, (M+NH4)+ = 347. Analysis calc'd for Ci 7 Hi9N 3 O4(0.50 H 2 0) : C, 60.34 

H, 5.96; N, 12.41; Found: C, 60.85; H, 5.77; N, 12.05. 

s Example 6 

Prc rfrarinn of N-Hvdroxv -N-rf fN- n henv1methv1-f4-broniOPhenvl)8mino)- 

cajb^nyi)methyi1wea 

fifftp 1 ; Preparation of M ftp.ngvl 4-hmmoamline 

A solution of BH3THF complex (54.4 mL, 54.4 mmol) was added slowly 
10 to a solution of N-benzoyl-4-bromoaiiiline (5.04 g, 18.3 mmol) in anhydrous THF. 
The resulting solution was slowly brought to reflux and maintained at reflux for 

I. 5h. After cooling to ambient temperature, 1M HC1 in methanol (54 mL) was 
added and the resulting mixture heated at reflux for lh. The reaction was cooled, 
poured into 10% HQ, and extracted (lx, Et20). The aqueous layer was basified to 

1 5 pH~12 by adding concentrated ammonium hydroxide and extracted (2x, EtOAc). 
The combined organic extracts were washed (lx, brine), dried (Na2S04), filtered, 
and concentrated in vacuo to provide the benzyl bromoaniline as a waxy brown 
solid. Chromatographic purification (150 g silica gel, 10% EtOAc:Hex) provided 
the product (2.7 g, 56%) as a light red solid. . mp. 49 'C; l B NMR (300 MHz, 

20 CDCI3); 7.25-7.39 (5H, m), 7.23(2H, d, J= 9 Hz), 6.50 (2H, d, J= 9 Hz), 4.31 
(2H, d, J= 5 Hz), 4.18 ( 1H, br s); MS (M+H) + = 262/264. 

fitpp > Preparation of N-H vHmxv-N.rffN.phRnv1methvl-(4-romonhenvnamino)- 
rartonvKmethvllurea 

25 The tide compound was obtained following the procedures described in Example 1, 
but employing the product from step 1, above in lieu of 3-phenoxyaniline. m.p. 
softens at 86'C and melts at 88-89'G *H NMR (300 MHz, DMSO-d6); 9.31 (1H, 
s), 7.56 (2H, d, J=8 Hz), 7.13-7.32 (7H, m), 6.31 (2H, s), 4.86 ( 2H, br s), 3.92 
(2H,brs); MS (M+H) + = 378/380, (M+NH4) + = 395/397. Analysis calc'd for 

30 Ci6Hi6N 3 O3Br(0.50 H 2 0): C, 49.62 H, 4.42; N, 10.85; Found: C 49.93; H, 
4.42; N, 10.85. 

Example 7 

Preparation of N-Hydroxv -N-ff fN-thien-2-vlmethvl-(4-bromophenynaminoV 
rartanvnmethvllinea 
3 5 The tide compound was obtained following the procedures described in 

Example 1, but employing N-(2-tbienyl)methyl-4-bromoaniline (prepared as 
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described in example 6, step 1 above from the corresponding amide of 4- 
bromoaniline)inUeuof3-phenoxyaniline. m.p. 94-98 'C; *H NMR (300 MHz, 
DMSO-d 6 ); 9.31 (1H, s), 7.61 (2H, d, J=9 Hz), 7.42 (1H, dd, J= 5,1 Hz), 7.13 
(2H, d, J=9 Hz),6.90 (1H, dd, J= 5,3 Hz), 6.83 (1H, br s), 6.31 (2H, s), 4.96 ( 
5 2H, br s), 3.86 ( 2H, br s); MS (M+H)+ = 384/386, (M+NH4) + = 401/403. 
Analysis calc'd for Ci4Hi 4 N 3 O 3 BrS(0.50 H 2 0): C, 42.76 H, 3.84; N, 10.68; 
Found: C, 43.11; H, 3.76; N, 10.25. 

Example 8 

10 Preparation of N-Hvrimxv-N'-rnft thvl-N-rf fN-thien-2-vlmethyl-f4- 
bronTOPhmv^aminoW ^rhonynrnethvllurea 

The title compound was obtained following the procedures described in 
Example 7, but employing Me-NCO in lieu of TMS-NCO. m.p. 76-79.5 'C; J H 
NMR (300 MHz, DMSO-de); 9.24 (1H, s), 7.61 (2H, d, J=9 Hz), 7.42 (1H, dd, 

is J= 5,1 Hz), 7.13 (2H, d, J=9 Hz),6.90 (1H, dd, J= 5,3 Hz), 6.83 (1H, br s), 
4.98 ( 2H, br s), 3.84 ( 2H, br s), 2.57 (3H, d, J=5 Hz); MS (M+H)+ = 
398/400, (M+NH4)+ = 415/417. Analysis calc'd for Ci5Hi6N3O3BrS(0.25 H 2 0): 
C, 44.73; H, 4.13; N, 10.43; Found: C, 45.28; H, 4.34; N, 9.66. 

20 Example 9 

Pff .pfl ratinn of N-Hydroxv-N-rffN-metb yl-^-phenvlmethoxvphenvnamino)- 

carbonvlmrethvriurea 

The tide compound was obtained following the procedures described in 
Example 1, but employing N-methyl-3-benzyloxyaniline (prepared from the 
25 corresponding aniline as described in example 3) in Heu of 3-phenoxyaniline. mp. 
162-163 °C; l H NMR (300 MHz, DMSO-dg); 9.22 (1H, s), 7.33-7.50 (6H, m), 
6.98-7.05 (2H, m), 6.91 (2H, br d, J=7.5 Hz), 6.28 (2H, s), 5.13 (2H, s), 3.91 ( 
2H,brs),3.07(3H,s); MS (M+H)+ = 330. Analysis calc'd for C17H19N3O4 
(0.25 H 2 0): C, 61.16; H, 5.89; N, 12.58; Found: C, 61.36; H, 5.86; N, 12.54. 

30 

Example 10 

P^prarinnnfN-Hvdroxv-N-r^^ 

The tide compound was obtained following the procedures described in 
Example 1, but employing 4-phenoxyaniline in lieu of 3-phenoxyaniline. mp. 
35 189.5-190.5 °C; *H NMR (300 MHz, DMSO-de); 9.72 (1H, s), 9.53 (1H, 

s),8.52 (1H, t, J=5 Hz),7.64 (2H, d, J= 9), 7.36 (2H, dd, J= 8, 9 Hz), 7.17 (1H, 
t, J= 9 Hz), 6.94 (4H, d, J=9 Hz), 6.42 (2H, s), 4.17 ( 2H, s); MS (M+H)+ = 
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302, (M+NK0+ = 319. Analysis calc'd for C15H15N3O4 : C, 59.80, H, 5.02; N, 
13.95; Found: C, 59.74; H, 5.01; N, 13.87. 

Example 11 

S Preparation of N-Hydroxv-N-ff ( frrflns-4-f4-bromophenvnbut-3-en-2- 
vnamjnokarbonvnmethvnurea 

The tide compound was obtained following the procedures described in Example 

I, but employing trans-2-amino-4-(4-bromophenyl)but-3-ene in lieu of 4- 
phenoxyaniline. The starting amine was prepared according to the method of 

10 Dellaria (Dellaria, J. R; Sallin, K. J. TetrahedronLett. 1990, 31, 2661) m.p. 171- 
172 'Ci 1 HNMR(300MHz,DMSO-d6); 9.42 (1H, s),.7.76 (1H, d, J= 8 Hz), 
7.52 (2H, d, J= 8 Hz), 7.37 (2H, d, J= 8 Hz), 6.42-6.48 (2H, m), 6.31 (1H, dd, 
J= 16, 5.5 Hz), 4.53 (1H, sextet, J=6.5 Hz), 3.97( 2H, s), 1.24 (3H, d, J= 6.5 
Hz); MS (M+H)+ = 342/344, (M+NH4) + = 359/361. Analysis calc'd for 

is Ci3Hi6N 3 0 3 Br : C 45.63; H, 4.71; N, 12.28; Found: C, 45.89; H, 4.70; N, 

II. 61. 

Example 12 

Preparation of N-Hvdroxv-N-rfffrrfln5-4-f3-phenoxvphenvnbut-3-en-2-vnaminoV 
carbonvlfaiethvnurea 

20 The tide compound was obtained following the procedures described in 

Example 1, but employing u*ans-2-amino-4-(3-phenoxyphenyl)but-3-ene in lieu of 
4-phenoxyaniline. The starting amine was prepared according to the method of 
Dellaria (Dellaria, J. F.; Sallin, K. J. Tetrahedron Lett. 1990, 2L 2661). m.p. 
150-151 'C; l H NMR (300 MHz, DMSO-ds); 9.40 (1H, s),.7.74 (1H, d, J= 7.5 

25 Hz), 7.30-7.42 (3H, m), 7.10-7.22 (2H, m), 6.97-7.07 (3H, m), 6.88 (1H, dd, 
J= 8, 2 Hz), 6.47 (1H, d, J= 15.5 Hz), 6.43 (2H, s), 6.27 (1H, dd, J= 15.5, 6 
Hz),4.53 (1H, sextet, J=6.5 Hz) 3.97( 2H, s), 1.24 (3H, d, J= 6.5 Hz); MS 
(M+H)+ = 356,(M+NH4) + = 373. Analysis calc'd for Q9H21N3O4 : C, 64.21; 
H, 5.96; N, 11.82; Found: C, 64.29; H, 6.04; N, 11.80. 

30 

Example 13 

Preparation of N-Hvdroxv-N-rf(fcty-4-f4-bromophenvnhut-3-en- 2-vnaminoV 
carbonvnmethvllurea 

The tide compound was obtained following the procedures described in 
3 5 Example 1 , but employing ds-2-amino-4-(3-phenoxyphenyl)but-3-ene in lieu of 4- 
phenoxyaniline. The starting amine was prepared according to the method of 
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DeUaria (Dellaria, J. F.; Sallin, K. J. Tetrahedron Lett. 1990, 31, 2661) m.p. 
142-143 'C; 'H NMR (300 MHz, DMSO-dg); 9.37 (1H, s),.7.78 (1H, d, J= 
7.5), 7.42 (1.25H, AB, J=8.5 Hz), 7.37 (1.25H, AB_, J=8.5 Hz), 7.10-7.18 (2H, 
m), 7.04 (1.5H, d, J=8.0 Hz), 6.87-6.95 (2H, m), 6.41 (2H, s), 6.38 (1H, d, J= 
5 12 Hz), 5.59 (1H, dd, J= 12, 10 Hz), 4.83 (1H, br sextet, J=6.5 Hz) 3.90( 2H, 
s), 1.15 (3H, d, J= 6.5 Hz); MS (M+H)+ = 356, (M+NH4) + = 373. Analysis 
calc'd for C19H21N3O4: C, 64.21; H, 5.96; N, 11.82; Found: C, 63.81; H, 
5.87; N, 11.61. 

Example 14 

10 Preparation of N-Hvdroxv-N-r2-(((4-bromophenylacetvl)-N-methvnamino)- 
ethyllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 4-bromophenylacetate in lieu of 3-phenoxybenzoate and 
N-methylethanolamine in lieu of ethanolamine. m.p. 134-135 "C; ! H NMR (300 

15 MHz, DMSO-d6); 9.48 (0.5H, s), 9.13 (0.5H, s), 7.46 (2H, d, J= 8 Hz), 7.16 
(2H, d, J= 8 Hz), 7.37 (2H, d, J= 8 Hz), 6.38 (1H, s), 6.29 (1H, s), 3.68 (2H, d 
J= 13.5 Hz), 3.50 (2H, dd, J=13.5,4.5 Hz), 3.44 (2H, s), 3.0 (1.5H, s), 2.8 
(1.5H, s); MS (M+H) + = 330/332, (M+NH4)+ = 347/349. Analysis calc'd for 
Ci2Hi6N303Br : C, 43.65; H, 4.88; N, 12.73; Found: C, 44.02; H, 4.94; N, 

20 12.59. 

Example 15 

Preparation of N-Hvdroxv-N-f (N-methvl-(3-phenoxvphenvlbenzovl)aminoV 
ethvllurea 

The title compound was obtained following the procedures described in 
25 Example 2, but employing N-methylethanolamine in lieu of ethanolamine to provide 
a viscous oil. lH NMR (300 MHz, DMSO-tfc); 9.23 (1H, s), 7.38-7.48 (3H, 
m), 7.09-7.21 (2H, m), 6.90-7.07 (4H, m), 6.29 (2H, s), 3.60 (3H, br s), 3.45 
(lH,brs), 2.93 (1.5H,brs), 2.87 (1.5H,br s); MS (M+H)+ = 330, (M+NH4) + 
= 347 Analysis calc'd for Ci 7 Hi9N 3 O4(0.25 H 2 0) : C, 61.16 H, 5.89; N, 12.59; 
30 Found: C, 60.77; H, 5.88; N, 12.39. 

Example 16 

Preparation of N-Hvdroxv-N-f 2-((3-methoxvbenzovl)aminotethvnurea 

The title compound was obtained following the procedures described in 
35 Example 2, but employing 3-methoxybenzoate in lieu of 3-phenoxybenzoate. m.p. 
149-150 °C: 1H NMR (300 MHz, DMSO-d6); 9.33 (1H, s), 8.46 (1H, br t, 
J=4.5 Hz), 7.33-7.42 (3H, m), 7.07 (1H, dt, J=8, 2.5, 2.5 Hz), 6.33 (2H, s), 
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3.71 (3H, s), 3.50 (2H, m), 3.45 (2H, m); MS (M+H) + = 254, (M+NHLO* = 
271; Analysis calc'd for C11H15N3O4: C, 52.17; H, 5.97; N, 16.59; Found: C, 
51.95; H, 5.87; N, 16.18. 

Example 17 

5 Preparation of N-HvHmxv-N-r2 -f r4-methoxvben7QVl)amino)eth vUl^a 

The tide compound was obtained following the procedures described in 

Example 2, but employing 4-methoxybenzoate in lieu of 3-phenoxybenzoate. 

m.p. 136-138 °C: *H NMR (300 MHz, DMSO-d*,); 9.33 (1H, s), 8.34 (1H, br t, 

J=4.5 Hz), 7.80 (2H, d, J=9.5), 6.98 (2H, d, J=9.5), 6.32 (2H, s), 3.81 (3H, s), 
10 3.48 (2H, m), 3.41 (2H, m); MS (M+H)+ = 254, (M+NH0+ = 271; Analysis 

calc'd for Analysis calc'd for C11H15N3O4: C, 52.17; H, 5.97; N, 16.59; Found: 

C, 51.96; H, 5.98; N, 16.09. 



15 

Example 18 

prepar ation frfN-Hvdrovv^^ 

The tide compound was obtained following the procedures described in 
Example 2, but employing 4-butoxybenzoate in lieu of 3-phenoxybenzoate. m.p. 

20 156-157 'C: *H NMR (300 MHz, DMSO-de); 9.33 (1H, s), 8.32 (1H, br t, 
J=4.5 Hz), 7.78 (2H, d, J=9.5), 6.98 (2H, d, J=9.5), 6.33 (2H, s), 4.03 (2H, t, 
J=6 Hz), 3.48 (2H, m), 3.41 (2H, m), 1.71 (2H, pentet, J=8 Hz), 1.45 (2H, 
sextet, J=8 Hz), 0.94 (3H,t,J=8 Hz); MS (M+H)+ = 296; Analysis calc'd for 
C14H21N3O4: C, 56.94; H, 7.17; N, 13.84; Found: C, 56.59; H, 7.14; N, 

25 1 3.84. 

Example 19 

Prepar er, nf N.Hvdroxv -N.rfr^.humxvrx-.n7ov1)amino)ethvl1irrea 

3-butoxybenzoate was prepared by adding ethyl 3-hydroxybenzoate (15 g, 
90.3 mmol) and N-butyliodide (20.5 mL, 180.5 mmol) in THF (300 mL) to an 

30 ambient temperature THF (500 mL) solution of NaH (97%, 3.35 g, 135.4 mmol) 
under an nitrogen atmosphere. To the resulting soution was added 
hexamethylphosphoramide (HMPA, 31.5 mL, 180^ mmol). The reaction was 
heated at relux for lh, cooled to ambient temperature and the volatiles removes 
under vacuum. The resulting oil was dissolved in ethanol (300 mL) and sodium 

35 hydroxide (3.6 g, 180.5 mmol) was added in water (100 mL); the hydrolysis of 
the ester was complete after 1 h at ambient temperature. The volatiles were 
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removed under vacuum and the resulting slurry acidified to pH=2 with 10% 
aqueous HC1 and extracted (2x, EtOAc). The combined organic extracts were 
washed (lx, brine), dried (Na2S04), filtered, and concentrated in vacuo to provide 
a light yellow solid. The tide compound was obtained following the procedures 

5 described in Example 2, but employing the 3-butoxybenzoate in lieu of 3- 

phenoxybenzoate. m.p. 153.5-154.5 °C: *H NMR (300 MHz, DMSO-d6>; 9.32 
(1H, s), 8.43 (1H, br t, J=4.5 Hz), 7.33-7.42 (3H, m), 7.07 (1H, dt, J=8, 2.5, 
2.5 Hz), 6.33 (2H, s), 4.01 (2H, t, J=6 Hz), 3.48 (2H, m), 3.43 (2H, m), 1.71 
(2H, br pentet, J=8 Hz), 1.45 (2H, br sextet, J=8 Hz), 0.94 (3H, t, J=8 Hz) ; MS 

io (M+H)+= 296, (M+NH4) + = 313(weak); Analysis calc'd for C14H21N3O4: C, 
56.94; H, 7.17; N, 13.84; Found: C, 56.88; H, 7.17; N, 14.16. 

Example 20 

Preparation of N-Hvdroxv-N-r2-((4-chlorobenzovl)amino)ethvnurea 
1 s The tide compound was obtained following the procedures described in 

Example 2, but employing 4-chlorobenzoate in lieu of 3-phenoxybenzoate. m.p. 
172-173 *C: *H NMR (300 MHz, DMSO-dg); 9.33 (1H, s), 8.46 (1H, br t, 
J=4.5 Hz), 7.83 (2H, d, J=7.5), 7.53 (2H, d, J=7.5), 6.32 (2H, s),3.50 (2H, m), 
3.43 (2H, m); MS (M+H)+ = 254, (M+NH4) + = 271; Analysis calc'd for 
20 Analysis calc'd for C10H12N3O3CKO.2O H 2 0): C, 45.97; H, 4.78; N, 16.08; 
Found: C, 45.99; H, 4.30; N, 16.03. 

Example 21 

Preparation of N-Hvdroxv-N-r3-f('f3-phenoxvbenzovl)amino'>propvnurea 
25 The tide compound was obtained following the procedures described in 

Example 2, but employing 3-aminopropanol in lieu of 2-aminoethanol. m.p. 

135.5-138*0, 1H NMR (300 MHz, DMSOd6); 9.25 (1H, s), 8.50 (1H, t, J=5 

Hz), 7.63 (1H, dt, J= 8,1,1), 7.38-7.52 (4H, m), 7.18 (2H, m), 7.03 (2H, dq, 

J=7,l,l,l, Hz), 6.30 (2H, s), 3.37 (2H, t, J=7.5), 3.25 (2H, q, J=7.5), 1.73 
30 (2H, pentet, J=7.5); MS (M+H)+ = 330, (M+NH4)+ = 347. Analysis calc'd for 

CnHi9N3O 4 (0.25 H 2 0) : C, 61.16; H, 5.89; N, 12.59; Found: C, 61.07; H, 

5.79; N, 12.74. 

Example 22 

Preparation of N-Hvdroxv-N-f4-f(3-phenoxvbenzovl)amino)butvnurea 
3 5 The tide compound was obtained following the procedures described in 

Example 2, but employing 4-aminobutanol in lieu of 2-aminoethanol. m.p. 131- 
133 *C; 1H NMR (300 MHz, DMSO-d 6 ); 9.20 (1H, s), 8.50 (1H, t, J=5 Hz), 
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7.63 (1H, d, J= 8), 7.38-7.52 (4H, m), 7.18 (2H, br t, J=7.5 Hz), 7.03 (2H, br 
d, J=7.5 Hz), 6.32 (2H, s), 3.37 (2H, br m), 3.23 (2H, br q, J=6 Hz), 1.50 
(4H,br m); MS (M+H)+ = 344, (M+NH4) + = 361 (weak). Analysis calc'd for 
Ci8H2iN 3 O 4 (025 H 2 0) : C, 62.96; H, 6.16; N, 12.24; Found: C, 62.52; H, 
5 6.16; N, 12.08. 

Example 23 

Preparation of N-Hvdroxv-hr-methvl-N43-(f3-phenoxvbenzovl)amino)propyl1- 
urea 

The title compound was obtained following the procedures described in 
l o Example 26, but employing N-methylisocyanate in lieu of N-trimethylsilyl 

isocyanate. m.p. 175-177 *C; *H NMR (300 MHz, DMSO-d6); 9.18 (1H, s), 
8.48 (1H, t, J=5 Hz), 7.63 (1H, d, J= 8), 7.38-7.52 (4H, m), 7.18 (2H, m), 7.05 
(2H, dq, J=7,l,l,l, Hz), 6.83 (1H, q, J=6 Hz), 3.34 (2H, t, J=7.5), 3.25 (2H, q, 
J=7.5), 2.58 (3H, d, J=6 Hz), 1.73 (2H, pentet, J=7.5); MS (M+H)+ = 344. 
is Analysis calc'd for C18H21N3O4; C, 62.96; H, 6.16; N, 12.24; Found: C, 
62.52; H, 6.14; N, 12.08. 

Example 24 

Preparation of N-Hvdroxv-N-methvl-N-r2-( G-phenoxybenzovDaminolethvnurea 
The tide compound was obtained following the procedures described in 

20 Example 2, but employing N-methylisocyanate in lieu of N-trimethylsilyl 

isocyanate. m.p. 161-162.5 'C; l H NMR (300 MHz, DMSO-d6); 9.22 (1H, s), 
8.48 (1H, t, J=5 Hz), 7.63 (1H, d, J= 8), 7.38-7.52 (4H, m), 7.18 (2H, m), 7.05 
(2H, dq, J=7,l,l,l, Hz), 6.87 (1H, q, J=6 Hz), 3.37-3.52 (4H, m), 2.58 (3H, d, 
J=6 Hz); MS (M+H)+ = 330, (M+NH4) + = 347. Analysis calc'd for 

25 C17H19N3O4: C, 62.00; H, 5.81; N, 12.76; Found: C, 62.10; H, 5.86; N, 
12.73. 

Example 25 

Preparation of N-Hvdroxv-N-r2-((3-(3-Pifluoromethvlphenoxv')benzovl)amino)- 
ethvflurea 

3 0 The tide compound was obtained following the procedures described in 

Example 2, but employing 3-(3-trifluoromethylphenoxy)benzoate in lieu of 3- 
phenoxybenzoate. m.p. 126-128 *C; l H NMR (300 MHz, DMSO-d6); 9.28 (1H, 
s), 8.52 (1H, t, J=5 Hz), 7.56-7.67 (2H, m), 7.52-7.47 (3H, m), 7.19-7.33 (3H, 
m), 6.28 (2H, s), 3.47 (2H, m), 3.37 (2H, m), 1.73 (2H, pentet, J=7.5); MS 

35 (M+H)+ = 384, (M+NH4)+ = 401. Analysis calc'd for C17H16F3N3O4: C, 53.27; 
H, 4.21; N, 10.96; Found: C, 53.10; H, 4.28; N, 10.87. 
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Example 26 

Preparation of N-Hvdroxv-N-r2-(f S-rA-chloronhen oxv^benzovnaminntethvnurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 3-(4-chlorophenoxy)benzoate in lieu of 3- 
5 phenoxybenzoate. m.p. 146-147 °C; 1H NMR (300 MHz, DMSO-d6); 9.31 (1H, 
s), 8.53 (1H, t, J=5 Hz), 7.63 (1H, br d, J=7.5 Hz), 7.52-7.43 (4H, m), 7.21 
(1H, dd, J= 7.5, 3 Hz), 7.06 (2H, d, J= 9.5 Hz), 6.33 (2H, s), 3.48 (2H, m), 
3.42 (2H, m); MS (M+H)+ = 350, (M+NH4)+ = 367. Analysis calc'd for 
C16H16CIN3O4: C, 54.94; H, 4.61; N, 12.01; Found: C, 54.90; H, 4.58; N, 
10 11.55. 

Example 27 

Preparation of N-Hv(lroxv-N'-methvl-N-r2-ff3-f4-c hlorophenoxv'>henzovnaminoV 
ethyllurw 

The title compound was obtained following the procedures described in 
1 5 Example 26, but employing N-methylisocyanate in lieu of N-trimethylsilyl 

isocyanate. m.p. 157-158 'C; *H NMR (300 MHz, DMSO-d6); 9.24 (1H, s), 
8.53 (1H, t, J=5 Hz), 7.63 (1H, br d, J=7.5 Hz), 7.52-7.43 (4H, m), 7.21 (1H, 
dd, J= 7.5, 3 Hz), 7.06 (2H, d, J= 9.5 Hz), 6.87 (1H, q, J=5 Hz), 3.52-3.38 
(4H, m), 2.56 (1H, d, J= 5 Hz); MS (M+H)+ = 364, (M+NH4) + = 381. 
20 Analysis calc'd for C17H18CIN3O4 (0.25 H 2 0): C, 55.44; H, 5.06; N, 1 1.41; 
Found: C, 55.70; H, 5.06; N, 11.34. 

Example 28 

Preparation of N-Hvdroxv-N-r2-ff3-(4-methoxvphenoxv>benzovl'>amino')ethvl1urea 
25 The title compound was obtained following the procedures described in 

Example 2, but employing 3-(4-methoxyphenoxy)benzoate in lieu of 3- 
phenoxybenzoate.m.p. 160-162 'C; *H NMR (300 MHz, DMSO-d6); 9.31 (1H, 
s), 8.50 (1H, t, J=5 Hz), 7.53 (1H, br d, J=7.5 Hz), 7.42 (1H, t, J=7.5 Hz), 7.35 
(1H, br s), 7.10-6.96 (5H, m), 6.33 (2H, s), 3.77 (3H, s), 3.48 (2H, m), 3.40 
30 (2H,m); MS (M+H)+ = 346,. Analysis calc'd for C17H19N3O5: C, 59.12; H, 
5.55; N, 12.17; Found: C, 59.06; H, 5.52; N, 11.98. 

Example 29 

Preparation of N-Hvdroxv-N-r2-ff3-(3.4-dichlorophenoxv'>benzovl'>aminoV 
35 ethvllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 3-(3,4-dichlorophenoxy)benzoate in lieu of 3- 
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phenoxybenzoate. m.p. 153-156 'C; *H NMR (300 MHz, DMSO-de); 9.33 (1H, 
s), 8.54 (1H, t, J=5 Hz), 7.68 (1H, br d, J=7 Hz), 7.65 (1H, d, J=9 Hz), 7.53 
(1H, d, J=9 Hz), 7.37 (1H, d, J=3), 721 (1H, dd, J=9,3 Hz), 7.03 (1H, dd, 
J=9,3 Hz), 6.33 (2H, s), (3.77 (3H, s), 3.48 (2H, m), 3.42 (2H, m); MS 
5 (M+H)+ = 384.. Analysis calc'd for C16H15CI2N3O4: C, 50.02; H, 3.93; N, 
10.94; Found: C, 50.15; H, 4.02; N, 10.34. 

Example 30 

Preparation of N-Hvdrn yv-N-r2.f f3-f3.5-dichloroDhenoxv)henzovnaminQ)- 

10 gthyilwrea 

The title compound was obtained following the procedures described in 
Example 2, but employing 3-(3,5-dichlorophenoxy)benzoate in lieu of 3- 
phenoxybenzoate. m.p. 164-166 *C; ! H NMR (300 MHz, DMSO-d<>); 9.33 (1H, 
s), 8.56 (1H, t, J=5 Hz), 7.70 (1H, br d, J=7.5 Hz), 7.55 (lH,t, J=7.5 Hz), 7.53 
15 (1H, br s), 7.40 (1H, t, J=1.5), 7.29 (1H, dd, J=7.5,3 Hz), 7.10 (2H, d, J=1.5 
Hz), 6.33 (2H, s), (3.77 (3H, s), 3.48 (2H, m), 3.42 (2H, m); MS (M-CHNO)+ 
= 341.. Analysis calc'd for C16H15CI2N3O4: C, 50.02; H, 3.93; N, 10.94; 
Found: C, 49.83; H, 3.83; N, 10.82. 

20 Example 31 

Preparation of N-Hvdro xv-N-r2-fn-f4-fm.rMtvlDhenoxv)benzovl)amino)- 

gthyllwrga 

The tide compound was obtained following the procedures described in 
Example 2, but employing 3-(4-t-butylphenoxy)benzoate in lieu of 3- 

25 phenoxybenzoate. m.p. 100-102 'C; *H NMR (300 MHz, DMSO-d6); 9.31 (1H, 
s), 8.53 (1H, t, J=5 Hz), 7.59 (1H, br d, J=7.5 Hz), 7.39-7.50 (4H, m), 7.15 
(1H, dd, J= 7.5, 3 Hz), 6.97 (2H, d, J= 9.5 Hz), 6.33 (2H, s), 3.48 (2H, m), 
3.42 (2H, m), 1.29 (9H, s); MS (M+H)+ = 372. Analysis calc'd for 
C16H16CIN3O4: C, 54.94; H, 4.61; N, 12.01; Found: C, 54.90; H, 4.58; N, 

30 11.55. 

Example 32 

Preparation of fRVN-Hvdroxv-N-f2-rr3-phenoxv henzovl'>amino)propvnurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing (R)-(-)-2-amino- 1-propanol in lieu of emanolamine. 
35 m.p. 153.5-154 *C; ] H NMR (300 MHz, DMSO-d6); 9.31 (1H, s), 8.34 (1H, d, 
J=8 Hz), 7.61 (1H, br d, J=7.5 Hz), 7.38-7.50 (4H, m), 7.17 (2H, br t, J=6.5), 
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7.03 (2H, br d, J= 7.5 Hz), 6.30 (2H, s), 4.24 (1H, septet, J= 6.5Hz), 3.48 (1H, 
ABX, J= 13,8 Hz), 3.42 (1H, ABX, J= 13,7 Hz), 1.13 (3H, d, J= 6.5Hz); MS 
(M+H)+ = 330, (M+NH4) + = 347. Analysis calc'd for Ci7Hi9N 3 O 4 (0.25 H 2 0): 
C, 61.16; H, 5.89; N, 12.59; Found: C, 61.42; H, 5.81; N, 12.56. 

5 

Example 33 

Preparation of (rf./)-N-Hvdroxv-N-r3-ff3-phenoxvbenzovnainino)prop-2-vllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing l-amino-2-propanol in lieu of ethanolamine. m.p. 1 89- 

10 190 *C; *H NMR (300 MHz, DMSO-d 6 ); 8.80 (1H, s), 8.48 (1H, t, J=5 Hz), 
7.59 (1H, br d, J=8 Hz), 7.48 (1H, t, J= 8 Hz), 7.38-7.45 (3H, m), 7.14-7.22 
(2H, m), 7.04 (2H, br d, J= 7.5 Hz), 6.30 (2H, s), 4.27 (1H, sextet, J= 6.5Hz), 
3.18-3.38 (2H,m), 0.98 (3H,d,J=6.5Hz); MS (M+H)+ = 329, (M+NH4) + = 
347. Analysis calc'd for C17H19N3O4: C, 62.00; H, 5.81; N, 12.76; Found: C, 

15 61.78; H, 5.85; N, 12.73. 

Example 34 

Preparation of N-Hvdroxv-N-r2-( (4-phenvlbenzovl)aminoteth vllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 4-phenylbenzoate in lieu of 3-phenoxybenzoate. m.p. 
20 160-162 'C; *H NMR (300 MHz, DMSO-de); 9.36 (1H, s), 8.53 (1H, t, J=5 
Hz), 7.92 (2H, d, J=9 Hz), 7.72-7.8 (4H, m), 7.49 (2H, br t, J=7.5 Hz), 7.40 
(1H, t, J=7.5 Hz), 6.35 (2H, s), 3.42-3.57 (4H, m); MS (M+H) + = 300, 
(M+NHt)+ = 317. Analysis calc'd for Ci6Hi 7 N 3 O3(0.10 H 2 0): C, 63.82; H, 
5.76; N, 13.95; Found: C, 64.26; H, 5.76; N, 13.52. 

25 

Example 35 

Preparation of N-Hvdroxv-N-f2-f (3-phenvlmethvloxvbenzovl)amino)ethvl1urea 
The tide compound was obtained following the procedures described in 
Example 2, but employing 3-benzyloxybenzoate in lieu of 3-phenoxybenzoate. 
30 m.p. 183-185 *C; *H NMR (300 MHz, DMSO-de); 9.33 (1H, s), 8.46 (1H, t, 
J=5 Hz), 7.30-7.50 (8H, m), 7.17 (1H, br d, J=8 Hz), 6.33 (2H, s), 5.14 (2H, 
s), 3.38-3.54 (4H, m); MS (M+H)+ = 330, (M+NHO* = 347. Analysis calc'd 
for C17H19N3O4: C, 62.00; H, 5.81; N, 12.76; Found: C, 62.40; H, 6.37; N, 
11.49. 
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Example 36 

Preparation of N-Hvdroxv-N-r2-( f.S -phenoxvfuran-l-ovnamino^ethvnutea 
Step 1 ; Preparation of 5-phenoxv-2-furoic acid 

A flask was charged with 5-nitro-2-furoic acid (15.02 g, 95.62 mmol), 
5 absolute ethanol (100 mL), and concentrated sulfuric acid (1 mL) and refluxed 
overnight After cooling the reaction mixture, die volatiles were removed under 
vacuum, the resulting slurry taken up into ethyl acetate, and washed sequentially 
(lx, NaHC03; lx, brine), dried (MgS04), filtered and concentrated under vacuum 
to provide the corresponding ester as a light yellow solid (15.31 g, 87%) which 

l o was used without further purification. 

A flask was charged with NaH (2.9 g, 96.7 mmol, 80% suspension in oil), 
and dimethylsulfoxide (DMSO)(200 mL), and flushed with nitrogen. To this 
solution was added neat phenol (9.1 g, 96.7 mmol) in a portionwise fashion; the 
reaction was stirred under nitrogen until gas evolution ceased. A solution of 5- 

1 5 nitro-2-furoic acid (14.92 g, 80.6 mmol) in DMSO (120 mL) was then added to the 
reaction to give a dark purple solution which was judged to be complete by thin 
layer chromatography after 0.5 h. The reaction was poured into saturated aqueous 
NaHC03 and extracted with ethyl acetate (3x). The combined organic extracts were 
washed (3x, H2O), dried (MgSCU), filtered and concentrated under vacuum to 

20 provide the corresponding phenoxy ester as an orange-brown liquid (21.1 1 g, 
1 13%) contaminated with phenol which was used without further purification. 

The unpurified phenoxy ester (5 g, 18.3 mmol) was dissolved in dioxane 
and water added until the reaction permanently clouded. Under a constant nitrogen 
flow, LiOH(H20) (1.23 g, 29.26 mmol) was added. The resulting mixture was 

25 stirred at ambient temperature for 2 h, and poured into water. The resulting 
solution was extracted with ether and the organic layer drawn off. The aqueous 
layer was acidified to pH-1 and extracted with ethyl acetate (2x). The combined 
organic extracts were washed (3x, H2O), dried (MgS04), filtered and concentrated 
under vacuum to provide the corresponding phenoxy acid as a white solid. 

30 Recrystallization from ether/hexanes provided the pure title compound (3.05 g, 
82%). m.p. 131-132 'C; *H NMR (300 MHz, Dg-DMSO); 10.20 (1H, br s), 
7.39 (2H, t, J=8 Hz), 7.31 (1H, d, J=3 Hz), 7.23 (1H, t, J=8 Hz), 7.14 (2H, t, 
J=8 Hz), 5.53 (1H, d, J=3 Hz); MS (M+H)+ = 205, (M+NH4) + = 222. 
Step 2: Preparation of N-Hvdroxv-N-r2-ff5-nhenoxvturan -2^vnairuno^ethvlliirea 

3 5 The tide compound was obtained following the procedures described in Example 
2, but employing 5-phenoxy-2-furanoic acid (prepared in step 1, above) in lieu of 
3-phenoxybenzoate. m.p. 160-163 *C; l E NMR (300 MHz, DMSO-D 6 ); 9.28 
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(1H, s), 8.22 (1H, t, J=5 Hz), 7.45 (2H, t, J=8 Hz), 7.23 (1H, t, J=8 Hz), 7.16 
(1H, d, J=8 Hz), 7.10 (2H, d, J=3 Hz), 6.33 (2H, s)„ 5.86 (1H, d, J=3 Hz), 
3.30-3.49 (4H, m); MS (M+H)+ = 306, (M+NH4) + = 323. Analysis calc'd for 
Ci4Hi 5 N 3 O5(0.10 H 2 0): C, 54.76; H, 4.99; N, 13.68; Found: C, 54.57; H, 
4.94; N, 13.33. 

Example 37 

Preparation of N-Hvrimxv-N-r2 -rN.methvU (3-r4^hlorophenoxv)phenvlV 
methvnaminotethvnurea 

Step 1: Preparation of N.Methvl-N.r3-f4-chln mnhenoxv^phenvlmethvlV2- 
aminoethanol 

A flask was charged with N-methyl ethanolamine (4.88 mL, 60.68 mmol), 
hydrochloric acid (4.5 mL of 4.5 M HC1 in dioxane, 20.23 mmol), and absolute 
ethanol (20 mL). To the resulting solution was added 3-(4-chlorophenoxy)phenyl- 
carboxaldehyde (4.0 mL, 20.23 mmol) in ethanol (20 mL) and in small portions 
NaCNBH3 (1.27 g, 20.23 mmol). The reaction was stirred at ambient temperature 
for 1.5 h and the volatiles removed under vacuum. The residue was carefully 
dissolved in excess 10% aqueous HC1, the pH adjusted to greater than pH 10 with 
freshly prepared 15% aqueous NaOH, and the resulting suspension was extracted 
with ethyl acetate (2x). The combined organic extracts were washed (2x, brine), 
dried (MgS04), filtered and concentrated under vacuum to provide the unpurified 
aminoalcohol. Chromatographic purification (silica gel, 500 mL 20% ethyl acetate/ 
hexanes, 500 mL ethyl acetate, 1L 10% methanol/ethyl acetate) provided the 
corresponding aminoalcohol as a viscous oil (2.99 g, 51%). m.p. 131-132 *C; *H 
NMR (300 MHz, D 6 -DMSO) 7.25-7.32 (3H, m), 6.85-6.97 (4H, m), 3.62 (2H, t, 
J= 6 Hz), 3.53 (2H, s), 2.58 (2H, t, J= 6 Hz), 2.52 (1H, br s), 2.23 (3H, s); MS 
(M+H)+ = 292. 

Step 2: Preparation of N-Hvdrox v-N-r2-fN-methvl-(G-f4-chlorophenoxv)phenvn- 
methvnamjno tethvnurea 

The title compound was obtained following the procedures described in 
Example 2, but employing the amino ethanol (prepared as described in step 1, 
above) in lieu of the amide alcohol. m.p. 111-113 °C; *H NMR (300 MHz, 
DMSO-D 6 ); 9.23 (1H, s), 7.43 (2H, d, J=9 Hz), 7.33 (1H, t, J=8 Hz), 7.10 (1H, 
d, J= 8 Hz), 7.02 (2H, d, J= 9 Hz), 6.98 (1H, br s), 6.90 (1H, dd, J= 8,3 Hz), 
6.23 (2H, s), 3.49 (2H,s), 2.50 (2H, t, J= 7.5 Hz), 2.13 (3H, s); MS (M+H)+ = 
350. Analysis calc'd for C17H20N3O3CI: C, 58.37; H, 5.76; N, 12.01; Found: 
C, 58.12; H, 5.75; N, 11.88. 
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Example 38 

aminotethvllurea 

The tide compound was obtained Mowing the procedures described in 
5 Example 2, but employing N-methyl-N<3<4-methoxyphenoxy)phenylmethyl)-2- 

aminoethanol ( prepared as in Example 37, step 1 from 3-(4- 

methoxyphenoxy)phenylcarboxaldehyde) in lieu of 3-(4- 

chlorophenoxy)phenylcarboxaldehyde. m.p. 87-88.5 'Q *H NMR (300 MHz, 

DMSO-de); 9.23 (1H, s), 7.27 (1H, t, J=8 Hz), 6.92-7.02 (5H, m),6.88 (1H, br 
10 s), 6.78 (1H, dd, J= 8,3 Hz), 6.23 (2H, s), 3.76 (3H, s), 3.41-3.48 (4H, m), 

2.47-2.52 (2H, m), 2.13 (3H, s); MS (M+H)+ = 346. Analysis calc'd for 

C18H23N3O4: C, 62.59; H, 6.71; N, 12.17; Found: C, 62.39; H, 6.76; N, 

12.13. 

Example 39 

15 Preparation of N-ffvH™xv.N.r2-^ 
m r thYl) a mino^thvnurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing N-methyl-N-(3-(3,4-methoxyphenoxy)phenylmethyl)-2- 
aminoethanol ( prepared as in Example 37, step 1 from 3-(3,4- 

20 dichlorophenoxy)phenylcarboxaldehyde) in lieu of 3-(4- 

chlorophenoxy)phenylcarboxaldehyde. m.p. 107-109 'O, lH NMR (300 MHz, 
DMSO-de); 9.23 (1H, s), 7.63 (lH,d, J=9 Hz), 7.37 (1H, t, J=8 Hz), 7.29 (1H, 
d, J=3 Hz), 7.16 (1H. br d, J= 8 Hz), 7.03 (1H, br s), 6.94-7.00 (2H, m), 6.23 
(2H, s), 3.50 (2H, s), 3.45 (2H, t, J= 6.5 Hz), 2.50 (2H, t, J= 6.5 Hz), 2.13 

25 (3H,s); MS (M+H) + = 384/386. Analysis calc'd for C17H19N3O3CI2: C, 53.14; 
H, 4.98; N, 10.94; Found: C, 52.93; H, 4.94; N, 10.79. 



Example 40 

p~ r ~H™ nf Tj.Hvdmxv-N-p -fN.m ft rhvl-fG-n 5-fiirh1orophenoxY)phen Y l)- 

30 methvDamino'tethvllurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing N-methyl-N-(3-(3^-methoxyphenoxy)phenylmethyl)-2- 
aminoethanol ( prepared as in step 1, example 37 from 3-(3,5- 
dichlorophenoxy)phenyl)carboxaldehyde) in lieu of the amidealcohol : mp. 1 1 1- 

35 113 *C; lH NMR (300 MHz, DMSO-de); 923 (1H, s), 7.33-7.42 (2H, m), 7.29 
(1H, d, J=7.5 Hz), 6.96-7.08 (3H, m), 6.23 (2H, s), 3.50 (2H, s), 3.47 (2H, t, 
J= 6.5 Hz), 2.52 (2H, t, J= 6.5 Hz), 2.13 (3H, s); MS (M+H)+ = 384/386. 
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Analysis calc'd for C17H19N3O3CI2: C, 53.14; H, 4.98; N, 10.94; Found: C, 
53.02; H, 4.88; N, 10.75. 

Example 41 

Preparation of N-Hvdroxv-N42-(((((4-me^ 
5 N- methynamino^ethvllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing N-methyl-N-(3-(benzyloxy)-4-methoxyphenylmethyl)- 
2-aminoethanol ( prepared as in step 1, example 37 from 3-(benzyloxy)-4- 
methoxyphenylcarboxaldehyde) in lieu of 3-(4- 

10 chlorophenoxy)phenylcarboxaldehyde m.p. 108-1 1 1 °C; ! H NMR (300 MHz, 
DMSO-d 6 ); 9.27 (1H, s), 7.30-7.48 (5H, m), 7.01 (1H, br s), 6.90 (1H, d, J= 8, 
Hz), 6.81 (1H, br d, J= 8, Hz), 6.27 (2H, s), 5.05 (2H, s), 3.76 (3H, s), 3.49 
(2H, t, J= 7.5 Hz), 3.42 (2H, br s), 2.47-2.52 (2H, m), 2.12 (3H, s); MS 
(M+H) + = 360. Analysis calc'd for C19H25N3O4: C, 63.49; H, 7.01; N, 11.69; 

15 Found: C, 63.05; H, 7.05; N, 11.56. 

Example 42 

Preparation of (SVN-Hvdroxv-N-r2>ffrm-butoxvcarix>nvnamino^propvl1urea 

(S)-N-Boc-alaninol (13.5 g, 77 mmol) and triethylamine (43 mL, 308 

20 mmol) were dissolved in dichloromethane (45 mL) and cooled to 0 # C. A solution 
of sulfur trioxide pyridine (36.8 g, 231.1 mmol) in DMSO (45 mL, gentle warming 
is needed to achieve complete dissolution) was added rapidly to the reaction 
solution. The cooling bath was removed 15 minutes after addition was completed 
and the reaction monitored for completion by dc analysis of quenched aliquots. The 

25 reaction was judged to be complete after 30 minutes, poured into brine, and 
extracted with ethyl acetate (2x). The combined organic layers were washed with 
10 % aqueous HC1 (2x), brine (2x), dried (MgS04), filtered, and concentrated in 
vacuo to give an oil which solidified upon vacuum drying to give the corresponding 
aldehyde (12.95 g, 96 %). [The aldehydes are not stable and are best immediately 

3 0 converted to the oxime.] 

The aldehyde is dissolved in ethanol (300 mL) and hydroxylamine 
hydrochloride (10.7 g, 110.5 mmol) and pyridine (6.2 mL, 77 mmol) were added. 
The reaction was stirred at ambient temperature until judged complete (typically 1-2 
hours) by thin layer chromatography. The volatiles were removed in vacuo and the 

35 resulting slurry was partitioned between ethyl acetate and 10 % aqueous HQ. The 
aqueous layer was extracted (2x, ethyl acetate) and the combined organic layers 
washed (2x, saturated aqueous sodium bicarbonate; 2x, brine), dried (MgSC>4), 
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filtered, and concentrated in vacuo to give the oxime as an oily solid (12.96 g, 89 
%) which was carried on without further purification. 

The oxime (6.0 g, 31.8 mraol) was dissolved in glacial acetic acid (110 mL) 
and tetrahydrofuran (25 mL). The sodium cyanoborohydride (2.6 g, 41.4 mmol) 
5 was added in a single portion. When gas evolution ceases and all of the sodium 
cyanoborohydride was dissolved the reaction was complete. The reaction was 
neutralized with 6N NaOH to pH~7 and then saturated aqueous sodium bicarbonate 
was added to adjust the pH to 9. The resulting two phased solution was extracted 
with ethyl acetate (3x). The combined organic layers were washed with brine (2x), 

l o dried (MgS04), filtered, and concentrated in vacuo to give the N-hydroxylamine as 
an oil (6.2 g, 100 %). The unpurified N-hydtoxylamine was best converted as 
soon as possible to the N-hydroxy urea to avoid decomposition . 

The N-hydroxylamine (6.2 gm, 31.8 mmol) was dissolved in freshly dried 
tetrahydrofuran (100 mL) and treated with TMS-isocyanate (5 mL, 38.2 mmol) at 

15 ambient temperature. The reaction was typically complete within 1 hour, treated 
with water (1.15 mL, 64 mmol) and methanol (100 mL), and concentrated in vacuo 
to provide the unpurified title compound as a solid (7.1 1 g). Recrystallization from 
ethyl acetate/ methanol provided 2.53 g (34 %) of pure product The mother 
liquors were chromatographed (200 g silica gel; column packed in dichloromethane 

20 and eluted with 5 % methanol/dichloromethane) to provide 1.09 g (15 %) of 
additional product. m.p. 156-160 *C; l H NMR (300 MHz, DMSO-D 6 ); 9.23 
(1H, s), 6.64 (1H, br d J= 8.0 Hz), 6.27 (2H, s), 3.72 (1H, septet, J= 6.5 Hz), 
3.35 (1H, ABX, J= 13.0,8.0 Hz), 3.22 (1H, ABX, J= 13.0,5.5 Hz), 1.38 (9H, 
s); MS (M+H)+ = 234; (M+NH4)+ = 251. Analysis calc'd for C9Hi9N3O4(0.25 

25 H 2 0): C, 45.46; H, 8.27; N, 17.67; Found: C, 45.59; H, 7.83; N, 17.24. 

Example 43 

Preparation of HlVN-HvHrnYv-N.r2-f(rm -hutoxvcarbonvnamino)proPvl1urea 

The title compound was prepared according to the procedures described for 

30 the preparation of the (S>isomer in example 42 by employing (R)-N-Boc-alaninol 
intieuof(S)-N-Boc-alaninoI.. m.p. 156-160 *C; *H NMR (300 MHz, DMSO- 
D 6 ); 9.23 (1H, s), 6.64 (1H, br d J= 8.0 Hz), 6.27 (2H, s), 3.72 (1H, septet, J= 
6.5 Hz), 3.35 (1H, ABX, J= 13.0,8.0 Hz), 3.22 (1H, ABX J= 13.0,5.5 Hz), 
1.38 (9H,s); MS (M+H)+ = 234; (M+NH4) + = 251. Analysis calc'd for 

35 C 9 Hi9N 3 O4(0.25 H 2 0): C 45.46; H, 8.27; N, 17.67; Found: C, 45.59; H, 
7.83; N, 17.24. 
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Example 44 

Preparation of N-Hvdroxv-N-r2-( frerr-butoxvcarbonvnaminotethvllurea 

The title compound was prepared according to the procedures described for 
the preparation of the (SMsomer in example 42 by employing N-Boc-ethanolamine 
5 inlieuof(S)-N-Boc-alaninol. m.p. 144-145.5 "C; *H NMR (300 MHz, DMSO- 
D 6 ); 9.18 (1H, s), 6.62 (1H, br t, J= 5.5 Hz), 6.27 (2H, s), ca. 3.30 (2H, br t, J= 
6.5 Hz), 3.03 (2H, br q, J= 6.5 Hz), 1.34 (9H, s); MS (M+H)+ = 220. Analysis 
calc'd for C8H 17 N 3 04: C, 43.83; H, 7.82; N, 19.17; Found: C, 44.09; H, 7.84; 
N, 19.38. 

10 Example 45 

Preparation of N-Hvdroxv-N-r(((3-f4-chlorophenoxv)phenvnDTOP-2-envnamino)- 

carbpnyl)methyllurea 

The tide compound was obtained following the procedures described in 

Example 1, but employing trans-l-amino-3-((4-chlorophenoxy)phenyl)-prop-2-ene 
l s (prepared according to the method of Dellaria (Dellaria, J. F.; Sallin, K. J. 

Tetrahedron Lett. 1990, 2L 2661)) in lieu of 4-phenoxyaniline. m.p. 150-151 *C; 

1H NMR (300 MHz, DMSO-d6); 9.40 (1H, s),.7.74 (1H, d, J= 7.5 Hz), 7.30- 

7.42 (3H, m), 7.10-7.22 (2H, m), 6.97-7.07 (3H, m), 6.88 (1H, dd, J= 8, 2 Hz), 

6.47 (1H, d, J= 15.5 Hz), 6.43 (2H, s), 6.27 (1H, dd, J= 15.5, 6 Hz),4.53 (1H, 
20 sextet, J=6.5 Hz) 3.97( 2H, s), 1.24 (3H, d, J= 6.5 Hz); MS (M+H)+ = 356, 

(M+NH4)+ = 373. Analysis calc'd for C19H21N3O4 : C, 64.21; H, 5.96; N, 

11.82; Found: C, 64.29; H, 6.04; N, 11.80. 

Example 46 

25 Preparation of N-Hvdroxv-N-f2-((3-(l-memvlethoxv')benzoyl)amino')ethvllurea 
The title compound was obtained following the procedures described in 
Example 2, but employing 3-(l-methylethoxy)benzoate in lieu of 3- 
phenoxybenzoate. The 3-(l-methylethoxy)benzoate was prepared as described in 
Example 19 using isopropyl iodide in lieu of n-butyl iodide. m.p. 174-175 *C: 

30 1H NMR (300 MHz, DMSO-d6); 9.33 (1H, s), 8.43 (1H, br t, J=6.0 Hz), 7.30- 
7.39 (3H, m), 7.15 (1H, dt, J=7.0,3.0,3.0), 6.33 (2H, s), 4.66 (1H, septet, 
J=6.0 Hz), 3.48 (2H, m), 3.43 (2H, m), 1.28 (3H, d, J=5.5 Hz) ; MS (M+H)+ = 
282, (M+NH0+ =299; Analysis calc'd for C13H19N3O4: C, 55.50; H, 6.81; N, 
14.94 Found: G, 55.39; H, 6.84 N, 14.86. 
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Example 47 

P re mrarionofN-Hvdroxv-N42-rr3-(2-methvl-prop-2^nvloxv)benzoyl)amino)- 
ethvllurea 

The title compound was obtained following the procedures described in 
5 Example 2, but employing 3-(2-methylprop-2-enyloxy)benzoate in lieu of 3- 
phenoxybenzoate. The 3-(2-methylprop-2-enyloxy)benzoate was prepared as 
described in Example 19 using isobutenyl bromide in lieu of n-butyl iodide, mp. 
148-149 'C: *H NMR (300 MHz, DMSO-dg); 929 (1H, s), 8.46 (1H, br t, 
J=5.5 Hz), 7.34-7.43 (3H, m), 7.12 (1H, dt, 1=8.5,2.0,2.0), 6.33 (2H, s), 5.08 
l o (1H, br s), 4.97 (1H, br s),4.52 (2H, br s), 3.50 (2H, m), 3.44 (2H, m), 1.79 
(3H,s); MS (M+H)+ = 294,(M+NH4)+=311; Analysis calc'd for 
C14H19N3O4: C, 57.33; H, 6.53; N, 14.33 Found: C, 57.34; H, 6.54 N, 
14.27. 

Example 48 

15 Pi^ararionofN-Hvdroxv-N-r2-ffnaphth -2-vl5MlfonvDamino'>ethvl1urea 

The tide compound was obtained following the procedures described in 
Example 2, but employing 2-napthylsulfonyl chloride in lieu of 3-phenoxybenzoyl 
chloride, mp. 174 *C with decomposition: *H NMR (300 MHz, DMSO-de); 9.33 
(1H, s), 8.44 (1H, br s), 8.13-8.2 (2H, m), 8.06 (1H, br d, J=8.0 Hz), 7.83 (1H, 

20 dd, J= 92 Hz), 7.63-7.78 (3H, m), 6.31 (2H, s), 3.37 (2H, m), 2.92 (2H, br t, 
J=7.5Hz); MS (M+H) + = 310, (M+NHO* =327; Analysis calc'd for 
C13H15N3O4S: C, 50.48; H, 4.89; N, 13.58 Found: C, 50.37; H, 4.90 N, 
13.05. 

Example 49 

25 Preparation of N-Hvdroxv-N-r2-rff l-f4-chlo rophenvlniethvnpvTrol-2-vl)- 
rarhnnyttaminotethvllurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing N-(4-chlorophenylmethyl)-2-carboxypyirole (prepared 
in standard fashion from 2-carboxypyrrole) in lieu of 3-phenoxybenzoyl chloride. 

30 m.p. 158-160 'C; *H NMR (300 MHz, DMSO-d6); 9.31 (1H, s), 8.03 (1H, t, 
J=6.0 Hz), 7.36 (2H, d, J=9.0 Hz), 7.13 (2H, d, J=9.0 Hz), 7.06 (1H, t, J=2 
Hz), 6.78 (1H, dd, J=4.0^.0 Hz), 6.33 (2H, s), 6.08 (1H, dd, J=4.0,3.0 Hz), 
5.56 (2H, s), 3.43 (2H, m), 3.33 (2H, m); MS (M+H)+ = 337, (M+NH4) + = 
354. Analysis calc'd for C15H17N4O3CI: C 53.50; H, 5.09; N, 16.64; Found: 

35 C, 53.44; H, 5.07; N, 16.61. 
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Example 50 

Preparation of N-Hvdroxv-N-r2-f( r3^chloroDhenoxv^benzovlVN-methvlV 
amino)pit)pvl1urea 

The title compound was obtained following the procedures described in Example 
5 2, but employing d,l-N-methyl-alaninol in lieu of ethanol amine. lH NMR (300 
MHz, DMSO-d6, an -2:1 mixture of rotational isomers); 9.14 and 9.12 (1H, s), 
7.47 (2H, d, J=9.0 Hz), 7.38-7.49 (1H, m), 6.95-72 (3H, m), 7.07 (2H, d, J= 
9.0 Hz), 6.27 and 6.22 (2H, s), 4.83 and 3.96 (1H, br q, J=6.5 Hz), 3.52 and 
3.70 (1H, br dd, J= 13.5,8.5 Hz), 3.29 (2H, m), 1.05 and 1.13 (3H, br d, J=6.5 
10 Hz); MS (M+H)+ = 378, (M+NH4) + = 395. Analysis calc'd for 

Ci8H 2 oClN 3 04(0.5 H 2 0): C, 55.89; H, 5.47; N, 10.86; Found: C, 556.23; H, 
5.59; N, 10.36. 

Example 51 

Preparation of N-Hvdroxv-N-r2-ff2-phenoxvbenzovnamino)ethvnurea 

1 5 The title compound was obtained following the procedures described in Scheme 
HI. To an ice-cooled solution of 2-phenoxybenzoate (5 g, 23.3 mmol) in 
dichloromethane (80 mL) was added oxalyl chloride (5.92g, 46,7 mmol) in 
dichloromethane (15 mL) in a dropwise fashion over 10 minutes. After addition 
was complete the cooling bath was removed and the reaction was stiired until no 

20 further bubbling was observed (0.5- l.Oh). The volatiles were removed under 
vacuum and the resulting liquid was dissolved in dichloromethane (90 mL) and 
concentrated under vacuum (2 cycles) to insure complete removal of excess oxalyl 
chloride. To a solution of 2-phenoxybenzoyl chloride (245 mg, 1.05 mmol) in 
CH2CI2 (5 mL) was added the hydroxyurea, ( prepared as described in example 

25 44) (231 mg, 1.05 mmol) followed by the dropwise addition of triethylamine (117 
mg, 1.16 mmol) and a crystal of 4-dimethylaminopyridine. The reaction was then 
stiired for 0.5 h and concentrated. The resulting residue was taken up in 
trifluoroacetic acid (2 mL) and stiired for 0.50 h. This solution was then 
concentrated and the resulting residue was dissolved in CH2CI2 (5 mL); to this 

30 solution was added triethylamine (0.293 mL, 2. 10 mmol) and aqueous saturated 
NaHC03 (10 mL). After stiiring for 0.5 h the aqueous phase was drawn off and 
extracted (2x, EtOAc). The combined organic extracts were washed sequentially 
(lx, saturated NaHCC>3; lx, brine), dried (MgS04>, filtered and concentrated in 
vacuo to provide the title compound as a powdery solid which was recrystallized 

35 (EtOAc/MeOH) to yield analytically pure title compound (235 mg, 68%). m.p. 
182.5-185 "C; lH NMR (300 MHz, DMSCkfc); 9.33 (1H, s), 8.24 (1H, br t, 
J=5 Hz), 7.72 (1H, dd, J= 8,2 Hz), 7.36-7.49 (3H, m), 7.21 (1H, dt, J= 2,8,8 
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Hz), 7.16 (1H, tt, J= 1,1,8,8 Hz), 7.03 (1H, dq, J-8.1.1.1, Hz), 6.88 (1H, dd, 
J=8,l Hz), 6.32 (2H,brs), 3.31-3.45 (4H,m); MS (M+H)+ = 316. Analysis 
calc'd for C16H17N3O4: C, 60.95; H, 5.43; N, 13.33; Found: C, 61.28; H, 
5.51; N, 13.34. 
5 Example 52 

Preparation of N-Hvdrox v-N-r2-f f4-phenoxvbenzovl)ammotethvl1urea 

The tide compound was obtained following the procedures described in 
Example 51, but employing 4-phenoxybenzoate in lieu of 2-phenoxybenzoate. 
mp. 185-186 'Q *H NMR (300 MHz, DMSO-dg); 9.33 (1H, s), 8.43 (1H, br t, 
10 J=5.5 Hz), 7.75 (2H, d, J= 9 Hz), 7.43 (2H, dd, J= 9,8 Hz), 7.21 (1H, t, J= 8 
Hz), 7.08 (1H, dq, J= 8,1,1,1 Hz), 7.03 (2H, d, J=8 Hz), 6.32 (2H, br s), 3.39- 
3.53 (4H,m); MS (M+H)+ = 316. Analysis calc'd for C16H17N3O4: C, 60.95; 
H, 5.43; N, 13.33; Found: C, 60.49; H, 5.46; N, 13.17. 



15 Example 53 

Preparation of N-Hvdroxv-N-r2-r3-fr4-bromopheno xv)benzovnamino)ethvnurea 
The tide compound was obtained following the procedures described in 

Example 51 r but employing 3-(4-bromophenoxy)benzoate in lieu of 2- 

phenoxybenzoate. m.p. 186-187 *C; ^HNMR (300 MHz, DMSO-d6); 9.33 (1H, 
20 s), 8.46 (1H, br t, J=5.5 Hz), 7.87 (2H, d, J= 9 Hz), 7.60 (2H, d, J= 9 Hz), 7.07 

(2H, d, J= 9 Hz), 7.04 (2H, d, J= 9 Hz), 6.32 (2H, br s), 3.39-3.53 (4H, m); 

MS (M+H)+ = 394/396; (M+NH4)+ = 41 1/413. Analysis calc'd for 

Ci6Hi6N 3 O 4 Br(0.5 H 2 0): C, 47.66; H, 4.25; N, 10.42; Found: C, 47.76; H, 

4.02; N, 10.28. 
25 Example 54 

Preparation of N-Hvdroxv-N-r2-f3-(f4-fluorophenoxv)benzovl')amino^ethvllurea 
The tide compound was obtained following the procedures described in 

Example 51, but employing 3-(4-fluorophenoxy)benzoate in lieu of 2- 

phenoxybenzoate. mp. 179-181*Q l H NMR (300 MHz, DMSO-dg); 9.31 (1H, 
30 s), 8.52 (1H, br t, J=5.5 Hz), 7.59 (1H, br d, J= 8 Hz), 7.47 (1H, t, J= 8 Hz), 

7.42 (1H, dd, J= 2,1 Hz), 7.26 (2H, t, J= 9 Hz), 7.08-7.15 (1H, m), 7.10 (2H, 

dd,J=9,4.5 Hz), 6.32 (2H,brs), 3.39-3.53 (4H,m); MS (M+H)+ = 334; 

(M+NH4)+ = 351. Analysis calc'd for C16H16N3O4F : C, 57.66; H, 4.84; N, 

12.61; Found: C, 57.39; H, 4.79; N, 12.45. 
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Example 55 

Preparation of N-Hvdroxv-N-r2-( (3-(pvrid-2-vloxv)benzoyflaminotethvriurea 
The title compound was obtained following the procedures described in 
Example 51, but employing 3-(2-pyridinyloxy)benzoate in lieu of 2- 
5 phenoxybenzoate. m.p. 159-160 °C; *H NMR (300 MHz, DMSO-de); 9.31 (1H, 
s), 8.53 (1H, br t, J=5.5 Hz), 8.17 (1H, dd, J= 4.5,2 Hz), 7.88 (1H, ddd, J= 
8.5,6.5,2 Hz), 7.68 (1H, br d, J= 8.5 Hz), 7.56 (1H, t, J= 2 Hz), 7.50 (1H, t, J= 
8.5 Hz), 7.29 (1H, dd, W Hz), 7.16 (1H, dd, J=7,4 Hz), 7.08 (1H, d, J=8 
Hz), 6.32 (2H, br s), 3.39-3.53 (4H, m); MS (M+H)+ = 317. Analysis calc'd 
10 for Ci5Hi6N 4 04 : C, 56.96; H, 5.10; N, 17.71; Found: C, 56.61; H, 5.06; N, 
17.32. 

Example 56 

Preparation of N-Hvdroxv-N-f2-( ( 3-phenoxvphenvlacetvflaminotethvllurea 
The title compound was obtained following the procedures described in 

1 5 Example 51 , but employing (3-phenoxyphenyl)acetate in lieu of 2- 

phenoxybenzoate. m.p. 150-152 'C, *H NMR (300 MHz, DMSO-dg); 9.27 (1H, 
s), 8.03 (1H, br t, J=5.5 Hz), 7.39 (2H, t, J= 8 Hz), 7.30 (1H, t, J= 8 Hz), 7.14 
(1H, tt, J= 7.5,0.5 Hz), 6.98-7.03 (3H,m), 6.92 (1H, t, J= 2 Hz), 6.85 (1H, br d, 
J= 8 Hz), 6.32 (2H, br s), 3.39 (2H, s), 3.30-3.38 (2H, m), 3.17-3.25 (2H, m); 

20 MS (M+H)+ = 330; (M+NH4) + = 347. Analysis calc'd for C17H19N3O4 : C, 
62.00; H, 5.80; N, 12.76; Found: C, 61.74; H, 5.80; N, 12.66. 

Example 57 

Preparation of N-Hvdroxv-N-r2-ff4-n-hexvloxvbenzovnamino'tethvnurea 
25 The title compound was obtained following the procedures described in 

Example 51, but employing 4-hexyloxybenzoate in lieu of 2-phenoxybenzoate. 

mp. 148-151 °Q *H NMR (300 MHz, DMSO-d6); 9.34 (1H, s), 8.33 (1H, br t, 

J=5.5 Hz), 7.78 (2H, d, J= 8.5 Hz), 6.97 (2H, d, J= 8.5 Hz), 6.32 (2H, br s), 

4.00 (2H, t, J= 6.5 Hz), 3.37-3.52 (4H, m), 1.72 (2H, pentet, J= 6.5 Hz), 1.25- 
30 1.48 (6H, m), 0.87 (3H, br t, J=6.5 Hz); MS (M+H)+ = 324. Analysis calc'd for 

C16H25N3O4 : C, 59.43; H, 7.79; N, 12.99; Found: C, 59.28; H, 7.74; N, 

12.53. 



35 



46 



Example 58 

Pi^arationofN-Hvdroxv-N-r^ -ffS^chloroDhenoxv)^^^- 

ovnamino^ethvnurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 5-(4-chlorophenoxy)-2-furanoic acid (prepared as in 
example 36, step 1 by using 4-chlorophenol in lieu of phenol) in lieu of 3- 
phenoxybenzoate. 64: m.p. 173-175 *C; l H NMR (300 MHz, DMSO-d<5); 9.28 
(1H, s), 8.23 (1H, t, J=5 Hz), 730 (2H, d, J=9 Hz), 7.21 (2H, d, J=9 Hz), 7.12 
(1H, d, J=3 Hz), 7.10 (2H, d, J=3 Hz), 6.36 (2H, s), 5.92 (1H, d, J=3 Hz), 
3.30-3.49 (4H, m); MS (M+H)+ = 340/342. Analysis calc'd for C14H14N3O5CI: 
C, 49.50; H, 4.15; N, 12.37; Found: C 50.48; H, 4.29; N, 12.33. 

Example 59 

Preparation of N-Hvdroxv-N-r2 -ff4-r4-chlorothiophenoxv)thien-3- 
ovDarnino)ethvllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing 4-(4-cWorothiophenoxy)-3-thiophenecarboxylic acid in 
lieu of 3-phenoxybenzoate. m.p. 157-158 'Q l H NMR (300 MHz, DMSO-de); 
9.33 (1H, s), 8.23 (1H, t, J=5 Hz), 8.12 (1H, d, J=3 Hz), 7.46 (2H, AB, J=9 
Hz), 7.39 (2H, AB, J=9 Hz), 7.01 (1H, d, J=3 Hz), 6.36 (2H, s), 3.30-3.49 (4H, 
m); MS (M+H) + = 340/342. Analysis calc'd for C14H14N3O3CIS2: C, 45.22; 
H, 3.79; N, 11.30; Found: C, 45.23; H, 3.80; N, 11.01. 

Example 60 

Preparation of fS VN-Hvdroxv-K-r2-ff5-f4- fl^inmphenoxvtfin--2-ovnaminoV 
propvllurea 

The tide compound was obtained following the procedures described in 
Example 51, but employing 5-(4-fluorophenoxy)-2-furanoic acid (prepared as in 
example 36, step 1 by using 4-chlorophenol in lieu of phenol) in lieu of 2- 
phenoxybenzoate and by employing the N-hydroxy urea from example 42 in lieu of 
the resultant N-hydroxy urea from example 44. m.p. 125-127 'C; *H NMR (300 
MHz, DMSO-de); 9.32 (1H, s), 8.08 (1H, d, J= 9 Hz), 7.20-7.33 (4H, m), 7.08 
(1H, d, J= 4 Hz), 6.31 (2H, s), 5.79 (1H, d, J= 4 Hz), 4.20 (1H, septet, J= 7 
Hz), 3.47 (2H, ABX, J= 14.5, 7 Hz), 3.38 (2H, ABX, J= 14.5, 7 Hz), 1.12 (3H, 
d, J= 7 Hz); MS (M+H)+ = 338; (M+NH4)+ = 355. Analysis calc'd for 
C15H16N3O5F: C, 53.41; H, 4.78; N, 12.46; Found: C, 53.02; H, 4.66; N, 
12.27. 
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Example 61 

Hvdroxv-N-r2-f( , 5-f4-flyf»rophenoxv^fur-2-ovnB Tnino'>ethvnurea 
The title compound was obtained following the procedures described in 
Example 51, but employing 5-(4-fluorophenoxy)-2-furanoic acid (prepared as in 
5 example 36, step 1 by using 4-fluorophenol in lieu of phenol) in lieu of 3- 

phenoxybenzoate. m.p. 176-178 'C; *H NMR (300 MHz, DMSO-de); 9.29 (1H, 
s), 822 (1H, t, J=5 Hz), 7.20-7.32 (4H, m), 7.09 (2H, d, J= 3 Hz), 6.36 (2H, 
s), 5.92 (1H, d, J= 3 Hz), 3.30-3.49 (4H, m); MS (M+H)+ = 324; (M+NH4) + = 
341. Analysis calc'd for C14H14N3O5F C 52.02; H, 4.36; N, 13.00; Found: 
10 C, 51.60; H, 4.36; N, 12.734. 

Example 62 

Preparation of N-Hvdro*v-Nr-r2-( G.fi -fliiniQDhenvlsnlfonvnbenzovnamino)- 
ethvllurea 

The title compound was obtained following the procedures described in Example 
15 5 1 , but employing 4-(4-chlorophenylsulfonyl)benzoate in lieu of 3- 

phenoxybenzoate. m.p. 183-186 *C; *H NMR (300 MHz, DMSO-cfc); 9.31 
(1H, s), 8.22 (1H, t, J=5 Hz), 8.07 (2H, d, J=9.0Hz), 8.01 (4H, d, J=9.0Hz), 
7.72 (2H, d, J=9.0Hz), 6.33 (2H, s), 3.38-3 .55 (4H, m); MS (M+H)+ = 399. 
Analysis calc'd for C16H16CIN3O5S: C, 48.31; H, 4.05; N, 10.56; Found: C, 
20 48.64; H, 4.64; N, 9.13. 

Example 63 

Preparation of N-Hvdmxv-N-r2-( fbenznrfe1furan-? -nvnamino^ethvllurea 

The title compound was obtained following the procedures described in 
Example 51, but employing beiizo[b]furan-2-carboxylic acid in lieu of 3- 
25 phenoxybenzoate. m.p. 181-182 'C; *H NMR (300 MHz, DMSO-de); 9.33 (1H, 
s), 8.65 (1H, t, J=5 Hz), 7.78 (1H, d, J=7.0 Hz), 7.65 (1H, d, J=7.0 Hz), 7.52 
(1H, s), 7.47 (1H, t, J=7.0 Hz), 7.33 (1H, t, J=7.0 Hz), 6.37 (2H, s), 3.42-3.55 
(4H,m); MS (M+H) + = 264. Analysis calc'd for C12H13N3O4: C, 54.75; H, 
4.98; N, 15.96; Found: C, 54.69; H, 5.01; N, 15.88. 



Example 64 

Preparation of N-HvnTnxv-N-r2-f(4K;hlorobenzn rfo1thien-2-ovnajTiinoVthvllurea 

The title compound was obtained following the procedures described in 
Example 51, but employing benzo[b]thiophene-2-carboxylic acid in lieu of 3- 
35 phenoxybenzoate. m.p. 181-184 *C with decomposition; l H NMR (300 MHz, 
DMSO-de); 9.34 (1H, s), 8.88 (1H, t, J=5 Hz), 8.20 (1H, s), 8.03 (1H, d, J=8.0 
Hz), 7.54 (1H, d, J=8.0 Hz), 7.47 (1H, t, J=8.0 Hz), 6.37 (2H, s), 3.42-3.55 
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(4H,m); MS (M+H)+ = 264. Analysis calc'd for C12H12QN3OS: C, 45.94; H, 
3.86; N, 13.39; Found: C, 45.78; H, 3.62; N, 12.96. 

Example 65 

S Preparation of N-Hvdroxv-N-r 2-f r^hen7J>vHypTnvn a minf>^thvnurea 

The tide compound was obtained following the procedures described in 
Example 51, but employing 3-benzoylbenzoic acid in lieu of 3-phenoxybenzoate. 
m.p. 168-170 'Q *H NMR (300 MHz, DMSO-de); 9.32 (1H, s), 8.70 (1H, t, 
J=5 Hz), 8.20 (1H, br s), 8.12 (1H, d, J= 8.0), 7.88 (1H, d, J= 8.0), 7.55-78 
1 0 (6H, m), 6.35 (2H, s), 3.42-3.55 ( 4H, m); MS (M+H) + = 328, (M+NH4) + = 
350. Analysis calc'd for C17H17N3O4 : C, 62.38 H, 5.23; N, 12.84; Found: C, 
62.01; H, 5.26; N, 12.60. 

Example 66 

Preparation of N-Hvdroxv-N-r2-ff4-f 1 -phenvlethvlo Yv'>hen7j>vl^amino^ethvllurea 
1 5 The reaction flask was charged with ethyl 4-hydroxybenzoate (10 g, 60 

mmol), 1-bromoethylbenzene (11.5 g, 60 mmol), and K2CO3 (12.4 g, 90 mmol) in 
dry methylethylketone and the resulting mixture was refluxed for 44 h. After 
cooling, the reaction mixture was partitioned between ethyl acetate and water. The 
aqueous layer was extracted with ethyl acetate. The combined organic extracts were 
20 dried (MgS04), filtered and concentrated in vacuo to provide the corresponding 
phenyl ethyl ester. 

The ester (17.49 g, 60 mmol) was dissolved in ethanol (250 mL) and a 1M 
solution of IiOH (240 mL, 240 mmol) was added. After stirring at ambient 
temperature for 20 h, the reaction was acidified with 2M aqueous HC1 to give a 

25 precipitate which was collected by vacuum filtration. The solid was recrystallized 
from cold (-20 *C) ether to provide the corresponding acid ( 421 g, 29%). 

The tide compound was obtained following the procedures described in 
Example 2, but employing 4-(l-phenylethyloxy)benzoic acid in lieu of 3- 
phenoxybenzoate. m.p. 164-166 *C; *H NMR (300 MHz, DMSO-d6); 9.31 (1H, 

30 s), 8.26 (1H, br t, J=5.5 Hz), 7.66-7.70 (2H, m), 7.22-7.44 (5H, m), 6.92-6.96 
(2H, m), 6.30 (2H, br s), 5.59 (1H, q J+ 6.5 Hz), 3.31-3.50 (4H, m), 1.56 (3H, 
d,J=6^Hz); MS (M+H)+ = 344. Analysis calc'd for C18H21N3O4: C, 62.96; 
H, 6.16; N, 12.24; Found: C, 62.56; H.6.20; N, 12.12. 
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Example 67 

tion of N-Hvdroxv-N-r2-((3-( l-phenvlethvloxv^benzovnanri no^ethvllurea 
The title compound was obtained following the procedures described in 
Example 66, but employing ethyl 3-hydroxybenzoate in lieu of ethyl 4- 
hydroxybenzoate. m.p. 164-165 # C; *H NMR (300 MHz, DMSO-d6); 9.32 
(1H, s), 8.40 (1H, br t, J=5.5 Hz), 7.21-7.45 (8H, m), 7.01-7.07 (1H, m), 6.32 
(2H, br s), 5.56 (1H, q J= 6.5 Hz), 3.30-3.52 (4H, m), 1.56 (3H, d, J= 6.5 Hz); 
MS (M+H)+ = 344;(M+NH4) + = 361. Analysis calc'd for C18H21N3O4: C, 
62.96; H, 6.16; N, 1224; Found: C, 62.52; H, 6.16; N, 12.27. 



Example 68 

Preparation of N>Hvdroxv-N-r2-fff4^1-phenvlethoxv^henvnDiODion-2- 
vHaminotethvllurea 

Methyl 4-hydroxyphenylacetate (15g, 90.3 mmol) was dissolved in dry 

15 DMSO (100 raL) and potassium t-butoxide (10.7 g, 90.3 mmol) was added 
portion wise. The resulting solution was stirred for 0.5 h at ambient temperature 
and 1 -bromoethylbenzene (12.7 g, 90.3 mmol)was added in a dropwise fashion. 
The reaction was stirred at ambient temperature for 18 h and partitioned between 
aqueous ammonium chloride and ether/hexanes (3: 1, v:v). The aqueous layer was 

20 extracted with the same solvent system (2x) and the organic layers combined, dried 
(MgS04), filtered, and concentrated under vacuum . The purified alkylation adduct 
(16.21 g, 66%)was obtained by FAC (600 g silica gel, 1:9 ether/pentanes). 

The alkylation adduct (15 g, 55.55 mmol) was added to a preformed 
solution of LDA (61 mmol) in dry THF (500 mL) at -78 # C. The resulting solution 

25 was stirred at -78 °C for 0,5 h and methyl iodide was added to the reaction mixture. 
The reaction was permitted to warm slowly to 0 9 C and quenched by adding excess 
saturated aqueous ammonium chloride. The two-phased solution was extracted 
(2x, ethyl acetate). The combined organic layers were washed (lx, 10% aqueous 
HC1; lx, saturated aqueous NaHCOs; lx, brine), dried (MgS04), filtered and 

30 concentrated in vacuo to provide the unpurified alkylation adduct (15.8 g, -100%) 
which was carried on without further purification. 

Hydrolysis was carried out as described in example 66 to provide the 
corresponding acid which was converted to the title compound as described in 
example 2. m.p. 163-168 T; lH NMR (300 MHz, DMSO-de); 9.23 (1H, s), 

35 7.82-7.88 (1H, m), 7.20-7.41 (2H, m), 7.07-7.12 (2H, m), 6.78-6.82 (2H, m), 
6.38 (2H, br s), 5.44 (1H, q, J= 6.5 Hz), 3.03-3.48 (5H, m), 1.52 (3H, d, J= 6.5 
Hz), 1.22 (3H, d, J=7.0 Hz); MS (M+H)+ = 372. Analysis calc'd for 
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C20H25N 3 O 4 (0.25H20): C, 63.90; H, 6.83; N, 11.18; Found: C, 63.73; H, 
6.72; N, 11.11. 

Example 69 

5 vnaminotethvllurea 

The title compound is obtained following the procedures described in 
Example 69, but employing ethyl 3-hydroxyphenylacetic acid in lieu of methyl 4- 
hydroxyphenylacetic acid. 

Example 70 

10 f>mpararionofK-Hvrimxv-N- r7-rrf2-n.phenv1p-thnxv\Dhenvnpropion-2- 

vnaminotethvnurea 

The title compound is obtained following the procedures described in 

Example 69, but employing ethyl 2-hydroxyphenylacetic acid in lieu of methyl 4- 

hydroxyphenylacetic acid. 
15 Example 71 

Prflfflr ^nn nf N.HvdToxv -N.r2.ff ^nhenovyphenoxvacetynamino^ethvllurea 
t-Butyl (3-phenoxy)phenoxyacetate was prepared foUowing the alkylation 

procedure as described in example 66 using 3-phenoxyphenol and acetone in lieu of 

ethyl 4-hydroxybenzoate and methylethylketone. 
20 The t-butyl ester was removed by treatment of the phenoxyacetate (5 g, 

16.7 mmol) with equal volumes (67 mL) of TFA and dichloromethane and ambient 

temperature for three hours. The volatiles were removed in vacuo. The resulting 

oil was taken up in toluene and concentrated (2 cycles), then taken up in 

dichloromethane and concentrated (lx) to remove excess trifluoroacetic acid to give 
25 the corresponding acid as a dark oil which was carried on without further 

purification. 

The title compound was prepared as in example 2 employing 3- 
phenoxyphenoxyacetic acid prepared as described in example 72 in lieu of 3- 
phenoxybenzoicacid. tap. 153-155 'C; *H NMR (300 MHz, DMSO-de); 9.30 
30 (1H, s), 8.08 (1H, t, J= 6.0 Hz), 7.26-7.45 (3H. m), 7.12-7.19 (2H, m), 7.00- 
7.06 (2H, m), 6.71-6.77 (1H, m), 6.57-5.62 (2H, m), 6.32 (2H, br s), 4.45 (2H, 
s), 3.25-3.43 (4H, m); MS (M+H)+ = 346; (M+NH4) + = 363. Analysis calc'd 
for C17H19N3O5: C, 59.12; H, 5.54; N, 12.17; Found: C, 58.79; H, 5.50; N, 
12.60. 
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Example 72 

Preparation of N-Hvdroxv-N-r2-( (4-Dh enoxvDhenoxvacetvnaminotethvnurea 
The title compound is obtained following the procedures described in 
Example 72, but employing 4-phenoxyphenol in lieu of 3-phenoxyphenol. 

5 

Example 73 

Preparation of N-Hvdroxv-N-r2-f f 2-phenoxvphenoxvacetvnanri no)ethvl1urea 
The title compound is obtained following the procedures described in 
Example 72, but employing 2-phenoxyphenol in lieu of 3-phenoxyphenol. 

10 

Example 74 

Preparation of N.Hvdroxv -N^methvl.N.r2.f(qirinolin-2-ovnamino)ethvl1urea 
The title compound was obtained following the procedures described in 
Example 2, but employing 2-quinolinecarboxylic acid in lieu of 3-phenoxybenzoate 

15 and MeNCO in lieu of TMSNCO. m.p. 158-159 'C; *H NMR (300 MHz, 

DMSO-de); 9.35 (1H, s), 8.93 (1H, m), 8.57 (1H, d, J= 8.5 Hz), 8.06-8.19 (3H, 
m), 7.85-7.91 (1H, m), 7.70-75 (1H, m), 6.98 (1H, q, J= 5.0 Hz), 3.52-3.59 ( 
4H,m),2.57(3H,d,J=5.0Hz); MS (M+H)+ = 289. Analysis calc'd for 
C14H16N4O3 : C, 58.32 H, 5.59; N, 19.43; Found: C, 58.34; H, 5.60; N, 

20 19.47. 

Example 75 

Preparation of N-Hvdro xv-N-r2-ffoiiinolin-2-ovnanimo)ethvllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing TMSNCO in lieu of MeNCO. mp. 189-190'C; J H 
25 NMR (300 MHz, DMSO-os); 9.42 (1H, s), 8.96 (1H, m), 8.58 (1H, d, J= 8.5 
Hz), 8.07-8.19 (3H, m), 7.84-7.91 (1H, m), 7.70-75 (1H, m), 6.39 (2H, s), 
3.54-3.59 (4H,m); MS (M+H)+ = 275. Analysis calc'd for C13H14N4O3 : C, 
56.93 H, 5.15; N, 20.43; Found: C, 56.99; H, 5.19; N, 20.24. 



30 Example 76 

Preparation of N-Hvdroxv-N-r2-f ((%■( 6-methoxvn aphth-2-vn-2-methvl-nroD-2- 
envlkarbonvnamino'tethvllurea 

To an ice-cooled, magnetically stirred solution of the 6-methoxy-2- 
napthylnitrile (lO.Og, 54.6 mmol) in dry THF (100 mL) was added dropwise 60 
35 mL of lMDIBAL in methylene chloride under nitrogen. After 16 h at ambient 
temperature, the reaction was quenched with methanol (dropwise addition). The 
resulting suspension was treated with aqueous citric acid and extracted with EtOAc 
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(3x200mL). The combined organic extracts were dried(MgS04), filtered, and 
concentrated to give die corresponding aldehyde ( used direcdy in the next step). 

To a magnetically stirred solution of the aldehyde in dry THF (150 mL) 
was added (carbethoxyethylidene)ttiphenylphosphorane(18.1 g, 49.9 mmol) in 
5 several portions over 2h. After 16h, the reaction was concentrated and hexane was 
added to precipitate the triphenylphosphine oxide, which was removed by vacuum 
filtration and washed with hexane. The filtrate was chromatographed (100 g silica 
gel , EtOAc-hexane (20:80)) to give the desired (E>a,£-unsaturated ester (lO.Og, 
68%). 

10 To a magnetically stirred solution of the ester ( 6.26g, 23.2 mmol) in THF 

(60 mL) and isopropanol (60mL) was added dropwise 25 mL of 1M aqueous 
LiOH. After lh, the reaction was acidified with aqueous citric acid and extracted 
with EtOAc (4xl00mL). The combined organic extracts were dried(MgS04), 
filtered, and concentrated to provide the corresponding acid ( 4.64g, 82%). 

1 5 The tide compound was obtained following the procedures described in 

Example 2, but employing acid prepared above in lieu of 3-phenoxybenzoic acid 
m.p. 174-176 *C; *H NMR (300 MHz, DMSO-d6); 9.18 (1H, s), 8.02 (1H, t, J= 
5.5 Hz), 7.85 (3H, m), 7.50 (1H, dd, J= 8.5,1.5), 7.35 (2H, m), 7.18 (1H, dd, 
J= 9,2.5), 6.53 (2H, s), 3.89 (3H, s), 3.27-3.49 ( 4H, m), 2.10 (3H, d, J= 1.5 

20 Hz); MS (M+H)+ = 344. Analysis calc'd for C18H21N3O4 : C, 62.96 H, 6.16; 
N, 12.24; Found: C, 62.80; H, 6.02; N, 12.00. 



Example 77 

Preparation of N-Hvdroxv-N-r2-( ( 3-phenvlpropionvl)aminotethvllurea 
25 The tide compound was obtained following the procedures described in 

Example 2, but employing dihydrocinnamate in lieu of 3-phenoxybenzoic acid. 
m.p. 165-167 "C; *H NMR (300 MHz, DMSO-dg); 7.75 (1H, t, J= 5.5 Hz), 
7.05-7.20 (5H, m), 6.97 (2H, m), 6.43 (2H, s), 3.36 (2H, t, J= 7.0 Hz), 3.10 ( 
2H, q, J= 6.5 Hz), 2.71 (2H, dd, J= 8.0,7.5 Hz), 2.26 (2H, dd, J= 8.0,7.5 Hz); 
30 MS (M+H)+ = 252. Analysis calc'd for C12H17N3O3: C, 57.36 H, 6.82; N, 
16.72; Found: C, 57.22; H, 6.71; N, 16.52. 



Example 78 

Preparation of N-Hvdroxv-N-r2-f f3-f 4-/i-butoxvDhenvnDrop-2-enovnamino)- 
35 ethvllurea 

Following the procedure of Meyer (Campaigne, E.; Meyer, W. W. /. Org. 
Chem. 1962, 27, 2835) 4-butoxybenzaldehyde was converted to methyl 4- 
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butoxycinnamate Hydrolysis of the ester to the corresponding acid 1, was 
completed following the procedure as described in example 77. The tide compound 
was obtained following the procedures described in Example 2, but employing acid 
prepared above in lieu of 3-phenoxybenzoic acid. m.p. 127-129 *C; *H NMR (300 
5 MHz, DMSO-d6); 9-31 (1H, s), 8.02 (1H, t, J= 5.5 Hz), 7.48 (2H, d, J= 8.5 
Hz), 7.36 (1H, d, J= 16.0), 6.96 (2H, d, J= 8.5 Hz), 6.52 (1H, d, J= 16.0), 4.74 
(2H, br s), 3.99 (2H, t, J= 6.5), 3.45 (2H, t, J= 6.0 Hz), 3.24 (2H, q, J= 6.0 
Hz), 1.70 (2H, m), 1.43 (2H, m), 0.93 (3H, t, J= 7.5 Hz); MS (M+H) + = 322. 
Analysis calc'd for C16H23N3O4 : C, 59.80 H, 7.21; N, 13.08; Found: C, 
10 59.65; H, 7.05; N, 12.90. 

Example 79 

Prpp^tipn pf N-Hydroxy-N-r2-((3-( ?-fl-bMtoxyphenyl)prop-2- 
enovDaminotethvUurea 

The title compound is obtained following the procedures described in 
1 5 Example 79, but employing 3-butoxybenzaldehyde in lieu of 4- 
butoxybenzaldehyde. 

Example 80 

ftgparatiQn of N>HydrQXY-N42-((3>(2-ff>b\it9XYph?nYl)prQp>2- 
enovDaminotethvllurea 
20 The title compound is obtained following the procedures described in Example 79, 
but employing 2-butoxybenzaldehyde in lieu of 4-butoxybenzaldehyde. 

Example 81 

Preparation of N-Hvdroxv-N>r2-((2-f6-methoxvnaphth-2" 

25 vDpropionvDaminotethvnurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing naproxen in lieu of 3-phenoxybenzoate. m.p. 161.5- 
162.5 # C; 1H NMR (300 MHz, DMSO-ck); 9.27 (1H, s), 7.92 (1H, t, J= 5.5 
Hz), 7.19 (2H, AB, J= 9.0 Hz), 7.06 (2H, AB, J= 9.0 Hz), 6.31 (2H, s), 3.86 

30 (3H, s), 3.70 (1H, q, J= 7.0 Hz), 3.10-3.38 ( 4H, m), 1.90 (3H, d, J= 7.0 Hz); 
MS (M+H)+ = 332; (M=NH4) + = 349. Analysis calc'd for C17H21N3O4 (0.25 
H 2 0): C, 60.79 H, 6.45; N, 12.51; Found: C, 60.78; H, 6.34; N, 12.45. 
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Example 82 

Preparation of N-Hydroxv-N42-f(2-(4-(2.mgthYlpropyl)phenyl)pippiQnyl)amino)- 
ethvllurea 

The title compound was obtained following the procedures described in 
5 Example 2, but employing ibuprofen in lieu of 3-phenoxybenzoate. m.p. 150.5- 
152.5 "C; *H NMR (300 MHz, DMSO-de); 9.27 (1H, s), 7.99 (1H, t, J= 5.5 
Hz), 7.78 (1H, d, J= 9.0 Hz), 7.75 (1H, d, J= 9.0 Hz), 7.70 (1H, s), 7.42 (1H, 
dd, J= 9.0,2.0 Hz), 7.27 (1H, d, J= 2.0 Hz), 7.13 (1H, dd, J= 9.0,2.0 Hz), 6.31 
(2H, s), 3.52 (1H, q, J= 7.0 Hz), 3.07-3.38 ( 4H, m), 2.39 (2H, d, J= 7.0 Hz), 
l o 1.79 (1H, septet, J= 7.0 Hz), 1.30 (3H, d, J= 7.0 Hz), 0.84 (6H, d, J= 7.0 Hz); 
MS (M+H)+ = 308. Analysis calc'd for 01^25^03 : C, 62.52 H, 8.20; N, 
13.67; Found: C, 62.69; H, 8.31; N, 13.58. 



Example 83 

15 Preparation of N-Hvdroxv-N-f 2-f (2-( 2.6-dichlorophenylamino)phenvlacetvlV 
aminp)ethyllurea 

The title compound was obtained following the procedures described in 
Example 2, but employing diclofinac in lieu of 3-phenoxybenzoate. A lactam was 
the product from the attempted acid chloride formation. The normal mitsunobu 

20 intermediate was prepared by heating the lactam in the presence of ethanolamine. 
m.p. 187-189 *C; J H NMR (300 MHz, DMSO-d<s); 9.31 (1H, s), 8.37 (1H, t, J= 
5.5 Hz), 8.32 (1H, s), 7.52 (2H, d, J= 8.0 Hz), 7.18 (1H, dd, J= 8.0,1.5 Hz), 
7.15 (1H, t, J= 8.0 Hz), 7.03 (1H, dd, J= 8.0,1.5 Hz), 6.83 (1H, dd, J= 8.0,1.5 
Hz), 6.31 (2H, s), 6.28 (1H, dd, J= 8.0,1.5 Hz), 3.57 (2H, s), 3.40 ( 2H, m), 

25 3.25 ( 2H, m); MS (M+H)+ = 397/399/401. Analysis calc'd for C17H18N4O3CI2 
: C, 51.40 H, 4.57; N, 14.10; Found: C, 51.07; H, 4.45; N, 13.98. 

Example 84 

Preparation of N-Hvd>oxv-N-r2-(f2-phenvlmiazol-4-ovDaniino)ethvnurea 
30 The title compound was obtained following the procedures described in 

Example 2, but employing 2-phenylthiazol-4-carboxylic acid in lieu of 3- 
phenoxybenzoate. m.p. 188-192 *C with decomposition; ! H NMR (300 MHz, 
DMSO-d 6 ); 9.48 (1H, s), 8.55 (1H, t, J=5 Hz), 8.04-8.07 (2H, m), 7.53-7.58 
(4H, m), 6.35 (2H, s), 3.45-3.55 (4H, m); MS (M+H)+ = 307, (M+NH4) + = 
35 324. Analysis calc'd for C13H14N4O3S (0.75 H 2 0): C, 49.07; H, 4.45; N, 
17.18; Found: C, 48.82; H, 4.88; N, 17.52. 
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Example 85 

Preparation of ^7).Nr.Hvdmxy.N -r^-^terf.butvoxvcarbonvnamino)prop-2-Ynu^ 
A one liter roundbottom flask was charged with dichloromethane (450 mL) 
and di-r-butyldicarbonate (1 1.04 g, 0.146 mol). A dichloromethane (100 mL) 
solution of l-amino-2-propanol (29 g, 0.154 mol) was added dropwise. The 
resulting mixture was stirred one h at room temperature and partitioned between 
10% aqueous HQ and dichloromethane. The aqueous layer was extracted (2x) 
with dichloromethane. The combined organic extracts were washed (lx, sat'd 
NaHC03; lx, brine), dried (MgS0 4 ), filtered and concentrated in vacuo to give a 
light yellow liquid (26.5 g, 103%). The resulting N-Boc-l-amino-2-propanol was 
carried on without further purification. 

A one liter roundbottom flask was charged with N-Boc-l-amino-2-propanol 
(26.42 g, .0151 mol), triphenylphosphine (41.4 g, 0.158 mol), and N,0- 
bisphenyloxycarbonylhydroxylamine (43.2 g, 0.158 mol), and dry THF (550 mL). 
The solution was cooled to 0 *C, and diethylazodicarboxylate (24.9 mL, 0.158 
mol) was added in THF (50 mL). The reaction was stirred one hour after removing 
the cooling bath, and concentrated under vacuum. Chromatographic purification is 
enhanced by adding dichloromethane (200 mL) and concentrating in vacuo twice to 
remove THF before column chromatography (400 g silica gel, 15% EtOAc/Hex) to 
provide N,0-bisphenyloxycarbonyl-t-butyloxycarbonylamino-2-propyl- 

hydroxylamine (54.4 g, 80%). 

A resealable tube was charged with a solution of the N,0- 
diphenyloxycarbonylpropylhydroxylannne (22 g, 0.051 mol, prepared above) in 
the minimum volume of ether (10 mL). The solution was cooled to -23 *C and 
liquid ammonia (100 mL) was condensed into the resealable tube. The tube was 
sealed, the cooling bath removed, and the reaction stirred overnight (~17 h). After 
cooling the tube, the seal was removed and the ammonia evaporated to give a 
brown residue which was purified by chromatography (400 g silica gel, 40% 
EtOAc/CH 2 Cl2 (2.5L) then 5% MeOH/OfeCb (2 L)) to provide a white solid 
which was triturated with ether to provide the tide compound (6.54 g, 55%). m.p. 
158-159 *C; *H NMR (300 MHz, DMSO-d6); 8.33 (1H, s), 5.13 (2H, br s), 5.0 
(1H, br m), 4.33 (ddd, J = 14.5, 12, 9 Hz; MS (M+H)+ = 234, (M+NH4) + = 
251. Analysis calc'd for C13H14N4O3S (0.75 H 2 0): C, 46.86; H, 8.21; N, 
18.01; Found: C, 46.86; H, 8.54; N, 18.13. 
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Example 86 

Preparation nfN-Hvdroxv-N-rc^^ 

vllurea 

The title compound was obtained Mowing the procedures described in 
5 Example 51, but employing 2-N-Hydroxy-l-t-butyloxycarbonylamino-propylurea 
(prepared as described in example 85) in lieu of (S)-N-Hydroxy-2-t- 
butyloxycarbonylamino-propylurea. Mp. 180-181 # C; *H NMR (300 MHz, 
DMSO-de); 8.78 (1H, s), 8.14 (1H, t, J= 7.5,7.5 Hz), 7.20-7.33 (4H, m), 7.08 
(1H, d, J= 4 Hz), 6.34 (2H, s), 5.79 (1H, d, J= 4 Hz), 4.20 (1H, br sextet, J= 
io 7.5 Hz), 3.32 (2H, dt, J= 14.5, 7, 7 Hz), 3.14 (2H, ddd, J= 14.5, 6, 9 Hz), 0.97 
(3H,d,J=7Hz); MS (M+H)+ = 338. Analysis calc'd for C15H16N3O5F: C, 
53.41; H, 4.78; N, 12.46; Found: C, 53.43; H, 4.55; N, 12.47. 

Example 87 

15 Preparation of N-Hvdmxv-N-r2-f ^-n -nhenvlethv1n^h e nzovBamino)ethvl1urea 
The tide compound was prepared following the method of Example 66 but 
employing ethyl 2-hydroxybenzoaie in lieu of ethyl 4-hydroxybenzoate. 

Example 88 

20 Preparation of N-Hvdroxv-N-r4 -fr5-f4.fluorophenoxv)fuTan-2-ovl)amino)but-2- 
vllurea 

The tide compound was obtained following the procedures described in 
Example 2, but employing 5-(4-fluorophenoxy)-2-furanoic acid in lieu of 3- 
phenoxybenzoic acid and l-aminobutan-3-ol in lieu of ethanol amine. m.p. 161- 

25 163 'C; X H NMR (300 MHz, DMSO-dg); 8.90 (1H, s), 8.14 (1H, t, J= 7.5,7.5 
Hz), 7.20-7.33 (4H, m), 7.08 (1H, d, J= 4 Hz), 6.30 (2H, s), 5.79 (1H, d, J= 4 
Hz), 4.13 (1H, br sextet, J= 7.5 Hz), 3.27 (2H, br m), 3.10 (2H, br m), 1.72 
(1H, sextet, J=7.5 Hz), 1.53 (1H, sextet, J=7.5 Hz), 1.01 (3H, d, J= 7.5 Hz); 
MS (M+H) + = 352,(M+NH4)+ = 251. Analysis calc'd for C16H18N3O5F: C, 

30 54.70; H, 5.16 N, 11.46; Found: C, 54.14; H, 5.24; N, 11.46. 

The substituted amide-linked N-hydroxyureacompounds of Examples 89- 
128 as shown in Table 3 are prepared by the method used for Example 2 
substituting m-phenoxybenzoic acid with the requisite substituted benzoic acid 
35 derivative which can be prepared according to the alkylation procedure outlined in 
example 23. 
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Table 3 

Substituted Hydroxybenzoate Amide-linked N-Hydroxyureas 



O OH 



5 




Example 


Ri 


89 


-(CH2)2CH3 


90 


-(CH2)3CH3 


91 


-(CH2)4CH3 


92 


-(CH2)5CH3 


93 


-CH2CH(CH3)2 


94 


-(CH2)2CH(CH3)2 


95 


-(CH2)3CH(CH3)2 


96 


-(CH2)4CH(CH3)2 


97 


-CH2CH=CH2 


98 


' -trans-CH2CH=CHCH3 


99 


-trans-CH2C(CH3)=CHCH3 


100 


-CH2CH=C(CH3)CH3 


101 


-CH2CH2N(CH3)2 


102 


-CH2CH2N(CH2CH3)2 


103 


-(CH2)2CH2N(CH3)2 


104 


-(CH2)2CH2N(CH2CH3)2 


105 


-CH2-2-pyridyl 


106 


-CH2-3-pyridyl 


107 


-CH2-4-pyridyl 


108 


-CH2-2-furyl 


109 


-CH2-3-furyl 


110 


-CH2-2-thienyl 


111 


-CH2-3-thienyl 


112 


-CH2-2-ben2o[p]thienyl 


113 


-CH2-2-benzo[b]furyl 


114 


-CH2-2-thiazoyl 


115 


-CH2-2-imidazoyl 
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116 -CH(CB3)-2-pyrimidyl 

117 -CH(CH3)"2-pyridyl 

118 -CH(CH 3 )-3-pyridyl 

119 -CH(CH3)-4-pyridyl 

120 -CH(CH3)2-2-furyl 

121 -CH(CH 3 )-3-furyl 

122 -CH(CH3)-2-thienyl 

123 -CH(CH3)-3-thienyl 

124 -CH(CH3)-2-ben2o[b]thienyl 

125 -CH(CH3)2-2-benzo[b]fuiyl 

126 -CH(CH3)-2-thiazoyl 

127 -CH(CH3)-2-imidazoyl 

128 -CH(CH3)-2-pyrimidyl 



The substituted benzoate amide-linked N-hydroxyurea compounds of 
Examples 129-153 shown in Table 4 were prepared following the procedures 
described in example 51 by employing the appropriate aryl acid and substituted N- 

5 hydroxy-N-[2-((fm-butoxycarbonyl)ainino)ethyl]urea (examples 42,43,44). The 
starting 3-aryloxy- and 3-thioaryloxy benzoic acids were either commercially 
available or were prepared by an Ullman coupling (see Fanta, F. E. Chan. Rev. 
1946, 3JL 139) between the appropriate phenol/thiophenol and aryl halide. The 5- 
thioaryloxy and 5-aryloxy 2-furoic acid derivatives were prepared as described in 

l o example 36 for the preparation of 5-phenoxy-2-furoic acid from commercially 
available precursors. 

Table 4 

Substituted Benzoate Amide-linked N-Hydroxyureas 




Ex. 


Arl 


X 


Ar2 


Rl 


R2 


mp 


129 


Phenyl 


0 


1,3-benzoyl 


(S)-Me 


H 


132-134 


130 


4-Fluorophenyl 


0 


1,3-benzoyl 


(S)-Me 


H 


115-117 
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131 


4-Fluorophenyl 


0 


4-MeO-l,3- 


H 


H 


148-149 








benzoyl 








132 


4-methylphenyl 


0 


2,5-furanoyl 


H 


Me 


169-171 


133 


4-Fluorophenyl 


s 


2,5-furanoyl 


H 


H 


158-160 


134 


4-chlorophenyl 


0 


1,3-benzoyl 


H 


Me 


186-189 


135 


4-Fluorophenyl 


0 


4-Br-2,5-furanoyl 


H 


H 


194-197 














decomp 


136 


4-Fluorophenyl 


s 


2,5-furanoyl 


(R)-Me 


H 


115-116 


137 


4-Fluorophenyl 


0 


4-Br-2,5-furanoyl 


(R>Me 


H 


153-156 


138 


4-Fluorophenyl 


s 


2,5-furanoyl 


H 


Me 


172-175 


139 


4-Fluorophenyl 


s 


2,5-furanoyl 


(R)-Me 


H 


161-164 


140 


4-Fluorophenyl 


0 


2,5-furanoyl 


(R)-i-Pr 


H 


150-152 


141 


Phenyl 


s 


2,5-thiophenoyl 


H 


Me 


174-180 














decomp 


142 


4-Fluorophenyl 


0 


2,5-furanoyl 


H 


(R)-Me 


182-183 


143 


4-Fluorophenyl 


0 


2,5-furanoyl 


H 


(S>Me 


177-178 


144 


n-Butyl 


0 


1,3-benzoyl 


H 


Me 


194-195 


145 


2,4- 


0 


2,5-furanoyl 


H 


Me 


183-184 




Difluorophenyl 












146 


Phenyl 


0 


2,5-furanoyl 


H 


Me 


153-155 


147 


4-Methylphenyl 


0 


2,5-furanoyl 


H 


Me 


182-184 


148 


4-Fluorophenyl 


0 


2,5-thiophenoyl 


H 


Me 


193-194 


149 


Napth-2-yl 


0 


2,5-furanoyl 


H 


Me 


193-196 


150 


3,4- 


0 


2,5-furanoyl 


H 


Me 


201-202 




Difluorophenyl 












151 


4-Cyanophenyl 


0 


2,5-furanoyl 


H 


Mb 


164-170 


152 


3-pyridyl 


0 


2,5-furanoyl 


H 


Mb 


decomp 


153 


4-Chlorophenyl 


0 


1,3-benzoyl 


(S)-Me 


H 


155-156 



Example 154 

Preparation of N-Hvdroxv-N-2-rf3-f4-bromophenvnpropen ovnarnino1ethvl urea 
Following the procedure outlined in example 51 but employing 4- 
5 bromocinammoyl chloride in lieu of 2-phenoxybenzoyl chloride provided the title 
compound as a colorless solid after chromatographic purification, m.p. 143-145 °C; 
*H NMR (300 MHz, D6-DMSO) 9.30 (1H, s), 8.16 (1H, t, J=5.5,5.5 Hz), 7.61 
(2H, d, J=8.5 Hz), 7.51 (2H, d, J=8.5 Hz), 7.39 (1H, d, J=16 Hz), 6.70 (1H, d, 
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J=16 Hz), 625 (2H, s), 3.43 (2H, m), 3.36 (2H, m). Analysis calc'd for 
Ci2Hi4N 3 03Br: C, 43.92; H, 4.30; N, 12.80; Found: C, 43.70; H, 4.35; N, 
12.60. 

Example 155 

5 Preparation of N-Hvdroxv-N-2-rf3-Dhenvlpropgnoyl)aminplethYl urea 

Following the procedure outlined in example 51 but employing cinammoyl 
chloride in lieu of 2-phenoxybenzoyl chloride provided the tide compound as a 
colorless solid after chromatographic purification. m.p. 160-162 "C; J H NMR 
(300 MHz, D 6 -DMSO) 9.32 (1H, s), 8.14 (1H, t, J=5.5,5.5 Hz), 7.56 (2H, dd, 
10 J=8.5,l Hz), 7.35-7.46 (4H, m), 6.63 (1H, d, J=16 Hz), 6.32 (2H, s), 3.43 (2H, 
brt,J=6.5Hz),3.36(2H,brt,J=6.5Hz). Analysis calc'd for C12H15N3O3: C, 
57.82; H, 6.07; N, 16.86; Found: C, 57.60; H, 5.91; N, 16.79. 

Example 156 

15 Preparation of a^) -N-Hvdroxv-N-2-rG-r4-bromophenvl)propenovl)aminolpropvl 
urea 

Following the procedure outlined in example 78052 but employing (R)-N- 
hydroxy-N-[2-((fm-butoxycarbonyl)amino)propyl]urea in lieu of N-hydroxy-N- 
[2-((/err-butoxycarbonyl) amino)ethyl]urea provided the tide compound as a 

20 colorless solid after recrystallization from methanol. m.p. 192-193.5 *C; ! H NMR 
(300 MHz, D 6 -DMSO) 9.30 (1H, s), 8.08 (1H, d, J=9 Hz), 7.61 (2H, d, J=8.5 
Hz), 7.51 (2H, d, J=8.5 Hz), 7.39 (1H, d, J=16 Hz), 6.63 (1H, d, J=16 Hz), 
6.28 (2H, s), 4.16 (1H, septet, J=7.5 Hz), 3.36 (2H, d, J=7.5 Hz), 1.09 (3H, d, 
J=7JHz); MS (M+NH4)+ = 359. Analysis calc'd for C13H 1^30381: C, 

25 45.63; H, 4.71; N, 12.28; Found: C, 45.33; H, 4.69; N, 12.05. 

Example 157 

Preparation of ( J.n -N-Hvdroxv-N-S-rG-r^bromophenvl^propenovnaminolprop- 
2-vl urea 

30 Following the procedure outlined in example 78052 but employing N- 

hydroxy-N-[3-((rm-butyoxycarbonyl)amino)prop-2-yl]urea in lieu of N-hydroxy- 
N-[2-((rerr-butoxycarbonyl) amino)ethyl]urea provided the tide compound as 
colorless solid after recrystallization from methanol. m.p. 199-200.5 *C; ! H NMR 
(300 MHz, D 6 -DMSO) 8.88 (1H, s), 8.08 (1H, d, J=9 Hz), 8.17 (1H, t, J=6 Hz), 

35 7.61 (2H, d, J=8.5 Hz), 7.53 (2H, d, J=8.5 Hz), 7.41 (1H, d, J=16 Hz), 6.69 
(1H, d, J=16 Hz), 6.30 (2H, s), 4.18 (1H, sextet, J=7.5 Hz), 325 (2H, t, J=7.5 
Hz), 0.98 (3H, d, J=7.5 Hz); MS (M+H) + = 342, (M+NHf)* = 359. Analysis 
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calc'd for Ci3Hi6N 3 O3Br(0.2 H 2 0): C, 45.15; H, 4.78; N, 12.15; Found: C, 
44.89,; H, 4.78; N, 12.15. 

Example 158 

5 Preparation of N-Hvdroxv-N-2-rf3-f4-bromoohenvnp mpaiiovnaininolethvl urea 

Following the procedure outlined in example 51 but employing 3-(4- 
bromophenyl)propionyl chloride (prepared by reduction of 4-bromocinnamic acid 
over 5% Pi/C in ethyl acetate at 4 atm of hydrogen and subsequent conversion to 

l o the acid chloride with oxalyl chloride) in lieu of 2-phenoxybenzoyl chloride 
provided the tide compound as a colorless solid after recry stallization from 
methanol. m.p. 177.5-179 'C; *H NMR (300 MHz, D 6 -DMSO) 9.27 (1H, s), 
7.87 (1H, t, J=5.5,5.5 Hz), 7.46 (2H, d, J=8.5 Hz), 7.26 (2H, d, J=8.5 Hz), 
6.30 (2H, s), 3.43 (2H, br t, J=7.5 Hz), 3.20 (2H, br q, J=7.5 Hz), 2.77 (2H, t, 

15 J=7.5 Hz), 2.35 (2H, t, J=7.5 Hz); MS (M+H)+ = 330/332. Analysis calc'd for 
Ci2Hi 6 N 3 O3Br(0.1 H 2 0): C, 43.42; H, 4.92; N, 12.66; Found: C, 43.07; H, 
4.64; N, 12.54. 

Example 159 

Preparation of N -Hvdroxv-N-2-r(3-f3-f4^hlorophenoxv)phenvnpropvnovl)- 

20 aminolethvl urea 

Ethyl 3-(3-(4-chlorphenoxy)phenyl)propynoate was prepared by adding 
anhydrous powdered K2CO3 (4.14 g, 30 mmol) portionwise to a suspension of 3- 
(4-chlorophenoxy)benzaldehyde (2.33 g, 10 mmol) and ethyl 2-iodo-2- 
(triphenylphosphonium)acetate iodide (8.43 g, 14 mmol) in dry methanol (60 mL). 

25 The reaction was stirred overnight at ambient temperature, diluted with a 1 : 1 
solution of ethyl acetate and hexanes, and filtered. The filtrate was concentrated 
and chromatographed on silica gel (100 g) using 10% ethyl acetate/hexanes and 
then 20% ethyl acetate/hexanes as die eluant 

The alkynoic ester was converted to the mixed anhydride by first hydrolyzing the 
30 ester (301 mg, 1 mmol) by exposure to an aqueous solution of LiOH (1.1 mL, 1M 
solution) in absolute ethanol (5mL) at ambient temperature. The reaction was 
• judged complete after 45 minutes and the volatiles were removed under reduced 
pressure. The residue was vacuum dried, suspended in dichloromethane (8 mL), 
and treated with isobutyl chlorformate (0.14 g, 1 mmol) under an argon 
35 atmosphere. After 30 minutes N-hydroxy-N-[2-((te/t-butoxycarbonyl) 

amino)ethyi]urea (0.22 g, 1 mmol) and triethylamine (0.126 g, 125 mmol) were 
added and the resulting mixture was stirred for lh at ambient temperature and 
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concentrated under vacuum. The residue was dissolved in dichloromethane(8 mL), 
glacial acetic acid (1 mL), and boron trifluoride etberate (0.25 mL). After 30 
minutes the reaction was carefully neutralized with excess saturated aqueous 
sodium bicarbonate and extracted with ethyl acetate. The tide compound was 
obtained as a colorless solid after chromatographic purification over silica gel using 
ethyl acetate as the eluant m.p. 140-142 'C; *H NMR (300 MHz, D 6 -DMSO) 
9.28 (1H, s), 8.01 (1H, t, J=5.5,5.5 Hz), 7.00-7.5 (4H, m), 7.46 (2H, d, J=8.5 
Hz), 7.10 (2H, d, J=8.5 Hz), 6.30 (2H, s), 3.2-3.4 (4H, m); MS (M+H)+ = 374. 
Analysis calc'd for C 18 H 16 N 3 04C1: C, 57.84; H, 4.31; N, 1L24; Found: C, 
57.60; H, 4.25; N, 11.10. 

Example 160 

Pr P .p a r a rionofN-Hvrimxv.N-2-fK '->v'-n7v1oxvcarhonv1-rn-phenoxYphenvll 
methvnamino l ethvl urea 

Sjgp, 1: Preparation n f N-2.rf3-r hpnnyvphenvnmethvl)-2-aminoethanol. 

The tide compound was prepared following the procedure described in 
example 37, step 1, but employing 2-aminoethanol in lieu of N-methyl 
ethanolamine and employing 3-phenoxybenzaldehyde in lieu of 3-(4- 
chloropbenoxy)benzaldehyde. 

Srpp 2: Preparation nf N-henzvloy Y^^"^-N-rf3-nhpnoxvphenvl)methvl)-2- 
aminoethanol. 

The resulting compound (2.78 g, 1 1.4 mmol) from step 1 and trimeylamine 
(2.4 mL, 112 mmol) were dissolved in dichloromethane (30 mL). To the solution 
was added carbobenzyloxychloride (1.9 mL, 12.6 mmol) in dichloromethane (15 
mL). After 0.5h the reaction was partitioned between 10% aqueous HQ and 
dichloromethane. The layers were separated and the aqueous layer was extracted 
with dichloromethane. The combined organic layers were washed (lx, saturated 
sodium bicarbonate; lx, brine), dried over MgS0 4 , and concentrated under vacuum 
to provide the title compound ( 3.99 g, 93%) as a golden oil. The Cbz-protected 
aminoalcohol was of sufficient purity to carry on without further purification. 
Step 3: Prepararinn of N-Hvdr nYv-N-l-rhr'-benTvloxvcarbonyl-ff?- 
phpnnxvnhenvl) ™*th v namino1 ethvl urea 

The title compound was obtained following the procedures described in 
Example 2, but employing N-benzyloxycarbonyl-N-((3-phenoxyphenyl)methyl)-2- 
aminoethanol (prepared as described above) in lieu of the amide alcohol. m.p. 
91.5-93 *C; ! H NMR (300 MHz, D6-DMSO; a 1:1 mixture of rotamers were 
observed for certain protons in the HNMR) 9.28 and 9.33 (1H, s), 6.83-7.42 (9H, 
m), 6.33 (2a s),5.05 and 5.12 (2H, br s), 3 30-3.51 (4H, m). Analysis calc'd 
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forC24H25N 3 0 5 : C, 66.20; H, 5.79; N, 9.65; Found: C, 66.16; H, 5.86; N, 
9.89. 

Example 161 

Preparation of N-HvoTOxy-N-2Jr3-phen oxvphenvn methvnarninol ethvl urea 

5 The title compound was obtained by exposing N-Hydroxy-N-2-[N"- 

benzyloxycarbonyl-((3-phenoxyphenyl) methyl)amino] ethyl urea (1.26 g, 2.89 
mmol) to 10% Pd/C (1 .26 g) in absolute ehtanol (12 mL) and dioxane/ HCL (10 
mL, 4.8 M HQ) under 1 atm of hydrogen. The reaction was judged to be complete 
after 0.5h. After purging with nitrogen, the reaction was filtered through celite and 

10 the filter cake washed (3x, 15 mL 1:1 absolute ethanol:4.8 M dioxane HC1). The 
combined filtrates were concentrated under vacuum and the resulting residue 
partitioned between ethyl acetate and 10% aqueous sodium hydroxide. The 
combined organic layers were washed (3x, brine), dried over NaS04, and 
concentrated under vacuum to provide a light brown waxy solid. Recrystallization 

is from ethyl acetate and hexanes provided the title compound (160 mg, 18%) as a 
colorless solid m.p. 105-107 X; l H NMR (300 MHz, D 6 -DMSO; a 1:1 mixture 
of rotamers were observed for certain protons in the HNMR) ca. 9.3 (1H, br s), 
7.38 (2H, dd, J=9,7 Hz), 7.32 (1H, d, J= 7 Hz), 7.13 (1H, q, J= 7 Hz), 6.97- 
7.05 (3H, m), 6.86 (1H, dd, J= 7,2 Hz), 6.28 (2H, s), 3.40 (2H, t, J= 6.5 Hz), 

20 3.32 (2H, br s), 2.67 (2H, t, J= 6.5 Hz); MS (M+H)+ = 302. Analysis calc'd for 
C16H19N3O3: C, 63.77; H, 6.35; N, 13.94; Found: C, 63.51; H, 6.60; N, 
13.99. 

Example 162 

Preparation of N-Hvdroxv-N-2-r( 3-(3- f4-chlorophenoxvtohenvn-frWtt- 
25 propenovl)aminol ethvl urea 

Step 1: Preparation of 3-f(4-chlorophenox v^phenvn propenoate. 

To a solution of 3-(4-chlorophenoxy)benzaldehyde (23.3 g, 0.10 mol) in 
dry pyridine (100 mL) was added malonic acid (52.0 g, 0.50 mol) and morpholine 

30 (1.5 mL). The resulting solution was heated at 60 *C for 8h, then stirred at ambient 
temperature for 48h. The reaction was poured into cold 1% aqueous HC1 solution 
and stirred vigorously for 1.5h. The resulting colorless solid was collected by 
filtration and washed with water. After drying, the solid was recrystallized from 
95% ethanol to provide the acid (23.1 g, 84%) after drying under vacuum. 

35 Step 2: Prenararion of N-Hvdroxv-N-2-rf3-f3 -^4-chlorophenoxv^phenvl) 
propenovK amino l ethvl urea 
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The title compound was prepared by following the procedures in example 51 but 
employing 3-((4-chlorophenoxy)phenyl) propenoate in lieu of 2-phenoxybenzoate. 
m.p. 160-162 'C; *H NMR (300 MHz, D 6 -DMSO) 9.31 (1H, s), 8.09 (1H, t, 
J=6 Hz), 7.35-7.47 (5H, m), 7.22 (1H, br s), 7.02-7.09 (4H, m), 6.58 (1H, d, 
5 J= 15.5 Hz), 6.53 (2H, s), 3.53 (2H, t, J= 6.5 Hz), ca. 3.32 (2H, m); MS 
(M+H)+ = 302. Analysis calc'd for C18H18N3O4CI: C, 57.53; H, 4.83; N, 
11.18; Found: C, 57.33; H, 4.60; N, 11.01. 

Example 163 

10 Preparation of N-Hvdroxv-N-2-rf3-f3-butvloxvp henvn-frfl^- propenovnaminol 
ethvl urea 

The title compound was prepared by following the procedures in example 51 but 
employing 3-(3-butyloxyphenyl)propenoate in lieu of 2-phenoxybenzoate. The 

1 5 starting acid, 3-(3-butyloxyphenyl)propenoate, was prepared from 3- 

hydroxybenzaldehyde by conversion to 3-butyloxybenzaldehyde by the procedure 
described in example 19. The 3-butyloxybenzaldehyde was converted to the 
corresponding propenoate following the method described in stepl of Example 
162. The tide compound was obtained as a colorless solid after chromatographic 

20 purification over silica gel using ethyl acetate as the eluant. m.p. 159-160 'Q *H 
NMR (300 MHz, D 6 -DMSO) 9.32 (1H, s), 8.10 (1H, t, J=6 Hz), 7.49 (1H, d, 
J= 15.5 Hz), 7.31 (1H, t, J= 8 Hz), 7.10-7.14 (2H, m), 6.93 (1H, dt, J= 9,1,1 
Hz), 6.63 (1H, d, J= 15.5 Hz), 6.33 (2H, s), 3.99 (2H, t, J= 6.5 Hz), 3.43 (2H, 
m), ca. 3.36 (2H, m), 1.71 (2H, pentet, J= 7 Hz), 1.44 (2H, sextet, J= 7 Hz), 

25 0.93 (3H, t, J= 7 Hz); MS (M+H)+ = 322, (M+NH4) + = 339. Analysis calc'd 
for C16H23N3O4: C, 59.80; H, 7.21; N, 13.08; Found; C, 59.70; H, 7.10; N, 
13.00. 

Example 164 

Preparation of N-Hvdroxv-N^-m-fA-chlorop henoxvlphenvn-S-methvl-frfl^- 

30 propenovDaminol ethvl urea 

Step 1. Preparation of 3-f4-chlorophenoxv^phenvn-3-m ethvl-trflwy- propenoate. 
3-(4-chlorophenoxy)benzaldehyde was converted to the corresponding 
acetophenone derivative (addition of methylmagnesium bromide then oxidation to 
the ketone with Jones reagent). The ketone (2.46 g, 10.0 mmol) was treated with 

35 bis(2^>trifluoroethyl)(methoxycarbonylmethyl) phosphonate (3.56 g, 1 12 
mmol), lithium bromide (1.13 g, 13.0 mmol), and triemylamine (1.8 mL. 13.0 
mmol) in dry THF (Synth. Commun. 1990, 20(6), 869) to provide the methyl 
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ester of the title compound as a mixture of isomers. The pure trans-isomer was 
obtained by chromatography over silica gel (100 g) using 5% ethyl acetate:hexanes 
and then 10% ethyl acetate:hexanes as the eluant. Conversion of the methyl ester 
(687 mg, 2.27 mmol) to the corresponding acid was achieved by hydroysis in 
5 ethanolic (20 mL) aqueous lithium hydroxide (4 mL of a 1M aqueous solution). 
Step 1. Preparation of N-Hvd roxv-N-2-rf3-f4-chlorophenoxv)phenvlV3-methvl- 
trans- propenovDaminol ethvl urea. The title compound was prepared by following 
the procedures in example 51 but employing 3-(4-chlorophenoxy)phenyl)-3- 
methyl-tra/w- propenoate in lieu of 2-phenoxybenzoate. The tide compound was 

l o obtained as a yellow oil after chromatographic purification over silica gel using 
ethyl acetate as the eluant. *H NMR (300 MHz, D6-DMSO) 9.31 (1H, s),8.03 
(1H, t, J=6 Hz), 7.40-7.47 (3H, m), 7.31 (1H, br d, J= 5.5 Hz), 7.18 (1H, t, J= 
1,5 Hz), 7.00-7.05 (3H, m), 6.32 (2H, s), 6.21 (1H, d, J= 1.5 Hz), 3.27-3.43 
(4H, m), 2.45 (3H, d, J= 1.5 Hz); MS (M+H)+ = 390, (M+NH0+ = 407. 

15 Analysis calc'd for C19H20N3O4CI: C, 58.54; H, 5.17; N, 10.78; Found: C, 
58.30; H, 5.10; N, 10.05. 

Example 165 

Preparation of N-Hvdmxv.N-2-rf3-f4-bm mophenvlV2-methvl.fr/7ftc. 
propenovnaminol ethvl urea 

20 

Step 1. Preparation of 3-f4-bromophen vn-2-methvl-rrflw.v-propenoate. To a 
magnetically stirred solution of 4-bromobenzaldehyde (10.2 g, 55.1 mmol) in dry 
THF (125 mL) was added (carboethoxyethylidene)triphenylphosphorane (21.0 g, 
57.9 mmol) in small portions. The reaction was stirred for 18h at ambient 

25 temperature under a nitrogen atmosphere. The reaction was concentrated under 
vacuum and triturated with hexanes; the precipitated triphenylphosphine oxide was 
removed by filtration. The filtrate was concentrated under vacuum and the resulting 
slurry purified by chromatography over silica gel (lOOg) using 10% ethyl 
acetaterhexanes as the eluant to provide the ethyl ester of the desired trans- 

30 propenoate (17.6 g, 86%). Hydrolysis of the ester (17.6 g, 47.6 mmol) was 

achieved by exposure to aqueous lithium hydroxide (200 mL of a 1 M solution, 200 
mmol) in 95% ethanol (200 mL) for 5 hours. The reaction solution was filtered and 
the filtrate acidified to pH<2 with aqueous 6N HC1 to precipitate the acid as a white 
solid. The acid was collected by filtration , washed with water, and vacuum dried to 

35 provide the title compound ( 1 1 ,5g, 99%). 

Step 2. Preparation of N-Hvdroxv. N-2-rf3-f4.chlorophenoxv^phenvlV3-methvl- 
trans- propenovnaminol ethvl urea. The title compound was prepared by following 
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the procedures in example 51 but employing 3-(4-bromophenyl)-2-methyl-irfl«- 
propenoate in lieu of 2-phenoxybenzoate. The title compound was obtained as a 
colorless solid after chromatograaphic purification and recrystallization from ethyl 
acetate/hexanes. mp 172.5-174 *C; *H NMR (300 MHz, D 6 -DMSO) 9.31 (1H, 
5 s), 8.03 (1H, t, J=6 Hz), 7.60 (2H, d, J= 8 Hz), 7.34 (2H, d, J= 8 Hz), 7.16 
(lHbrs), 6.32 (2H,s), 3.3-3.50 (4H, m), 1.98 (3H, d, J= 1.5 Hz); MS 
(M+H)+ = 342,(M+NH4) + = 359. Analysis calc'd for CtfH^OsBn C, 45.63; 

H, 4.71; N, 12.28; Found: C, 45.40; H, 4.55; N, 12.12. 

io Example 166 

Preparation of N-Hvdroxv-N^-rfS- f^chloroDhenoxv^phenvn^-methvl-frfl^- 
prnpftnovnaminol ethvl urea 

The tide compound was prepared by following the procedures in Example 165 but 
employing 3-(4-chl()rophenoxy)phenyl)-3-methyl-/ra/iy- propenoate in lieu of 3-(4- 

15 bromophenyl)-2-methyl-firwtf- propenoate. The tide compound was obtained as a 
yellow solid after chromatographic purification over silica gel using 50% ethyl 
acetate:hexanesastheeluanL lH NMR (300 MHz, D 6 -DMSO) 9.30 (1H, s), 
8.01 (1H, t, J=5.5 Hz), 7.44 (2H, d, J= 9 Hz), 7.43 (1H, m), 7.18 (1H, d, J= 8 
Hz), 7.05 (2H, d, J= 9 Hz), 7.00 (2H, m), 6.54 (1H, m), 5.40 (2H, s), 3.55 

20 (2H, m), 3.27-3.34 (2H, m), 1.95 (3H, d, J= 1.0 Hz). Analysis calc'd for 
C12H20N3O4CI: C, 47.14; H, 6.59; N, 13.74; Found: C, 46.90; H, 6.40; N, 
13.52. 

Example 167 

Preparation of N-Hvdroxv-N-2-r(2-f3-f4-ethvlox vrjhenoxvfahenvlV/rfl«y- 

25 cvclopropvltearhonvl aminol ethvl urea 

The tide compound was prepared by following the procedures in example 2 but 
employing 2-(3-(4-emyloxyphenoxy)phenyl)-r(0ns-cyclopropyl)carboxylic acid 
(prepared by oxidation of the corresponding aldehyde prepared as described in 
Brooks, D.W.; Rodriques, ICE. U.S. 5,037,853) in lieu of 3-phenoxybenzoate. 

30 The tide compound was obtained as a colorless solid after recrystallization from 
ethyl acetate and methanol, mp 173-175 *C (with decomposition); J H NMR (300 
MHz,D 6 -DMSO) 9.27 (1H, s), 8.14 (1H, t, J= 7 Hz), 7.22 (1H, t, J= 8 Hz), 
6.95 (4H, m), 6.82 (1H, d, J= 8 Hz), 6.72 (1H, s), 6.67 (1H, dd, J= 8,1.5 Hz), 
6.31 (1H, br s), 4.00 (2H, q, J= 8 Hz), 3.32-3.40 (2H, m), 3.20-3.30 (2H, m), 

35 2.17-2.50 (1H, m), 1.83 (1H, dt, J= 8.5, 5,5 Hz), 1.32 (3H,t, J= 7.5 Hz), 1.12- 

I. 2(lH,m);MS (M+H)+ = 400. Analysis calc'd for C2iH25N3O 5 (0.25 H 2 0): 
C, 62.44; H, 6.36; N, 10.40; Found: C, 62.52; H, 6.39; N, 10.36. 
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Example 168 

Pi^pararinn of N-Hvdroxv-N-rN"-(3-pb p-nnxvhenzovnaminomethyllurea 
Step 1 : Preparation of N-ft- phenoxybenznynaminomemanol 

A flask was charged with 3-phenoxybenzoylamide (2.07 g, 9.8 
mmol)(prepared from the corresponding acid chloride and concentrated ammonia), 
potassium carbonate (1.3 mL, 4% aqueous solution, 3.8 mmol), and aqueous 
formaldehyde (1.1 mL, 37% aqueous solution, 13.6 mmol). The resulting 
suspension was heated to reflux to give a two-phased solution. Addition of more 
aqueous formaldehyde (3 mL, 37 mmol) gave a homogeneous solution which was 
heated at reflux for 4h. The reaction solution was cooled and partitioned between 
brine and ethyl acetate. The aqueous layer was drawn off and extracted with ethyl 
acetate (2x). The combined organic layers were washed (2x, brine), dried 
(Na2S04), and concentrated under vacuum to provide 2.47 gms of a viscous oil 
which solidified after vacuum drying. Recrystallization from cold ethyl 
acetate:hexanes provided the tide compound as a colorless solid (1.38 g, 58%), mp 
112.5-113 'C. 

Step 2. Preparation of N-HydrnYv-N-rhr'-fS- phRnoxybenzovnaminomethvllurea. 

To an ice-cooled solution of N-((3-phenoxy)benzoyl)aminomethanol (0.50 
g, 2.06 mmol), N.O-mphenoxycarbonylhydroxylamine (0.62 g, 2.26 mmol), and 
triphenylphosphine (0.59 g, 2.26 mmol) in dry THF (5mL) was added 
diethylazodicarboxylate (356 uL, 226 mmol) in dry (THF). After the addition was 
complete the cooling bath was removed and the reaction stirred at ambient 
temperature for lh. The volatiles were removed under vacuum and the resulting 
slurry was dissoved in 15 mL of dichloromethane and concentrated under vacuum 
(2 cycles) and purified by chromatography (silica gel, 20% ethyl acetate/ hexanes, 
column packed with hexanes) to provide the corresponding mitsunobu product as 
an oil. (0.64 g, 62%). The mitsunobu product (0.60 g, 1.2 mmol) was exposed to 
concentrated ammonoim hydroxide (3 mL) in dioxane (lmL) and methanol (lmL) 
for 4h and concentrated under vacuum. The resulting slurry was purified by 
chromatography (silica gel, packed in dichlormethane, eluted with 5% 
methanokchloroform) to provide the title compound and minor contaminants. 
Recrystallization from ethyl actatennethanol provided the pure title compound as a 
colorless solid. m.p. 151-154 'C (softening at - 120 "Q; J H NMR (300 MHz, 
Dg-DMSO; the HNMR was a mixture of two rotamers which were evident in some 
of the absorptions) 9.37 (1H, s), 9.04 and 8.87 (1H, t, J=6 Hz), 7.65-7.70 (1H, 
m), 7.39-7.53 (4H, m), 7.15-7.21 (2H, m), 7.03 (2H, dq, J= 8.5,1,1,1 Hz), 6.67 
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and 6.38 (2H, s), 5.03 and 4.91 (2H, d, J= 6 Hz) ; MS (M+H) + = 302, 
(M+NH4) + = 319. Analysis calc'd for Ci5HisN3O4(0.30 H 2 0): C, 58.75; H, 
5.13; N, 13.70; Found: C, 58.52; H, 4.89; N, 14.40. 

5 Example 169 

Preparation of fSVN.Hvdroxv-N.r2.ff2-r3.phenoxvphenvloxv^acetvl)amino)- 
propvnurea 

Step 1: Preparation of 2-f3-phenoxvphenvloxv)acetate . To a flask charged with 
reagent grade acetone (400 mL) was added 3-phenoxyphenol (10.0 g, 52.6 mmol), 

l o potassium carbonate (7.6 g, 55 mmol), and ethyl bromoacetate (6. 1 mL, 53.7 
mmol). The resulting mixture was stirred at ambient temperature for 20h, 
concentrated under vacuum to ~50 mL, and partitioned between ethyl acetate and 
water. After separating the two layers the aqueous solution was extracted with 
ethyl acetate (2x). The combined organic layers were washed (2x, brine), dried 

1 5 (MgS04), and concentrated under vacuum to provide the ethyl ester of the tide 
compound (14.35 g, 100%). The ester was hydrolyzed without further purification 
by exposure to excess aqueous lithium hydroxide (200 mL, 1M LiOH), in ethanol 
(200 mL) for 4h at ambient temperature. The reaction solution was acidified with 
excess aqueous 2N HCL, and extracted with ethyl acetate (2x). The combined 

20 organic layers were concentrated under vacuum and the resulting gummy liquid 
azeotroped with toluene (2x) to remove water. The resulting viscous green oil was 
recrystallized from ethenpentane at -20 *C to provide the tide acid as a coilorless 
solid. 

Step 2: Preparation of fS)-N-Hvdroxv-N-r2-r(2-(3-phenoxyphenvloxv)acetvl)- 

25 flrinptohyflurea. 

The tide compound was prepared as described in example 5 1 but employing 
2-(3-phenoxyphenyloxy)acetate and (S)-N-hydroxy-N-[2-((rerr-butoxycarbon- 
yi)amino)propyl]urea in lieu of 2-phenoxybezoic acid and N-hydroxy-N-[2-((terf- 
butoxycarbonyl) amino)ethyl]urea . Chromatographic purification (silica gel, 4% 

3 o methanol/ether/hexanes) and recrystallization from ether/methanol at -20"C provided 
the tide compound as a colorless solid (0.31 g, 25%). m.p. 137-138 *C; l H NMR 
(300 MHz, D 6 -DMSO) 9.32 (1H, s), 7.98 (1H, d, J= 8 Hz), 7.40 (2H, dd, J= 9,8 
Hz), 7.28 (1H, t, J= 8.5 Hz), 7.14 (1H, t, J= 8.5 Hz), 7.03 (2H, d, J= 9 Hz), 
6.73 (1H, dd, J= 9,2 Hz), 6.57-6.63 (2H, m), 6.30 (2H, s), 4.42 (2H, s), 4.12 

35 (1H, septet, J=6.5 Hz), 3.25-3.48 (4H, m), 1.04 (3H, d, J= 6.5 Hz); MS 

(M+H) + = 360. Analysis calc'd for C18H21N3O5: C, 60.16; H, 5.89; N, 1 1.69; 
Found: C, 60.02; H, 5.97; N, 11.42. 
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Example 170 

Prgp^pn of N-Hydroxy-N-r2-((2-(3^^^ 
ethvllurea 

5 Step 1: Preparation of 2-(3-phenoxvphenvloxv)propionate 

The title compound was prepared as described in Example 169 but 
employing methyl 2-bromopropionate in lieu of ethyl bromoacetate to provide the 
tide compound as a colorless solid (mp 70-73.5 *C). 

Step 2: Preparation of N-Hvdroxv>N-r2-ff2-(3>ph enoxvDhenvloxv)proDionvlV 

10 aminotethvllurea. 

The title compound was prepared as described in example 51 but employing 
2-(3-phenoxyphenyloxy)propionate in lieu of 2-phenoxybezoic acid. 
Chromatographic purification (silica gel, 4% methanol/dichloromethane) and 
recrystallization from ether/ethyl acetate at -20 # C provided the tide compound as a 

15 colorless solid (0.61 g, 22%). m.p. 112-113 # C; *H NMR (300 MHz, D 6 -DMSO) 
9.27 (1H, s), 8.07 (1H, d, J= 8 Hz), 7.39 (2H, dd, J= 9,8 Hz), 7.28 (1H, t, J= 
8.5 Hz), 7.14 (1H, t, J= 8.5 Hz), 7.02 (2H, d, J= 9 Hz), 6.68 (1H, dd, J= 9,2 
Hz), 6.53-6.60 (2H, m), 6.31 (2H, s), 4.66 (1H, q, J= 6.5 Hz), 3.18-3.48 (4H, 
m), 1.39 (3H, d, J= 6.5 Hz); MS (M+H)+ = 360, (M+NH4) + = 388. Analysis 

20 calc'd for C18H21N3O5: C, 60.16; H, 5.89; N, 11.69; Found: C, 60.06; H, 
5.88; N, 11.68 . 

Example 171 

Preparation of frf.f)-N-Hvdroxv-N-r3-(2-(3-(4-chlorophenoxv)phenvl)- 
acetvlamino)prop-2-vnurea 

25 Step 1: Preparation of (3-(4<:hlorophenoxv)phenvDmethvlcvanide 

To an ice-cooled flask charged with dichloromethane (50 mL) and 3-(4- 
chlorophenoxy)benzyl alcohol (2.97 g, 12.7 mmol) was added phosphorous 
tribromide (15 mL, 1M solution in dichloromethane, 15 mmlo). The resulting 
solution was stirred at ambient temperature for 17h and crushed ice added, and the 

30 two-phased mixture was extracted with ether (3x, 100 mL) The combined organic 
layers were washed (2x, brine), dried (MgS04), and concentrated under vacuum to 
provide the unpurified benzyl bromide which was carried on without further 
purification. The benzyl bromide and sodium cyanide (1.0 g, 20.4 mmol) were 
dissolved in DMSO and stmred at ambient temperature for lh. The reaction mixture 

35 was partitioned between brine and ethyl acetate and the aqueous layer was extracted 
again (2x, ethyl acetate). The combined organic layers were dried (MgS(>4) and 
concentrated under vacuum. The resulting oil was purified by chromatography 
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(silica gel, 20% ethyl acetate/hexanes) to give the pure cyano derivative (1.12 g, 
36%). 

Q T rr 7- Preparation of 2-n -r4-chloroDhennYyYhenvnacetate 

The cyanide (2.0 g, 8.21 mmol) prepared in step 1 was hydrolyzed to the 
5 corresponding acid according to the procedure of Adams (Org. Synth. , Coll Vol. 
I., Gilman, H.; Blatt, A.H.: eds.; John WUey & Sons; New York, 1976; p 436) 
by refluxing with water, sulfuric acid, and acetic acid. RecrystaUization of the 
unpurified acid from ether provided the tide compound as light tan crystals (1.05 g, 
49%). 

10 Ste p 3j Preparatio n "f {* A-N-Hvdroxv-N-n-r2-(3-f4^hlorophenoxv)phenyl)- 
acetvlamino )nrop-2-vllurea 

The title compound was prepared as described in example 51 but employing 
2-(3-(4-chlorophenoxy)phenyl)acetate and (d,0-N-Hydroxy-N-[3-((re/t- 
butyoxycarbonyl) amino)prop-2-yl]urea in lieu of 2-phenoxybezoic acid and N- 

15 hydroxy-N-[2^(rm-butoxycarbonyl)anuno)ethyl]urea. Recrystallization from 
ethyl acetate/hexanes provided the tide compound as a colorless solid (0.12 g, 
35%). m.p. 161-162.5 *C; *H NMR (300 MHz, D 6 -DMSO) 9.32 (1H, s), 8.03 
(1H, d, J= 8 Hz), 7.43 (2H, dt, J= 9,1.5 Hz), 7.23 (1H, t, J= 8.5 Hz), 7.00-7.09 
(3H,m),6.94 (lH,brs), 6.89 (1H, dd, J= 9,2 Hz), 6.29 (2H, s), 4.12 (1H, 

20 septet, J=6.5 Hz), 3.42 (2H, s), 3.00-3.18 (2H, m), 0.90 (3H, d, J= 6.5 Hz); 
MS (M+H)+ = 378/380. Analysis calc'd for C18H20N3O4CKO.5 H2O): C 
55.96; H, 5.14; N, 10.70; Found: C, 55.89; H, 5.47; N, 10.86. 



Example 172 

25 Preparation of N-HvHroxv-N-r3-(n -n-f4-chlorophp.noxv)nhenvl)propionYl V 

amjno^prop- 2-vllurea 

Following the procedure outlined in example 51 but employing 3-(3-(4- 
chlorophenoxy) phenyl) propionyl chloride (prepared by reduction of 3-(3-(4- 
chlorophenoxy)phenyl) propenoic acid over 5% Pt/C in ethyl acetate at 4 atm of 

30 hydrogen and subsequent conversion to the acid chloride with oxalyl chloride) and 
(rf,0-N-Hydroxy-N-[3-((rm-butyoxycarbonyl)annno)prop-2-yl]urea in lieu of 2- 
phenoxybenzoyl chloride and N-hydroxy-N-[2-((rerr-butoxycarbonyl) 
amino)ethyl]urea provided the tide compound as a colorless solid after 
recrystallization from methanol. m.p. 161-163 'C; *H NMR (300 MHz, D 6 - 

35 DMSO) 8.79 (1H, s), 7.88 (1H, t, J=5.5,5.5 Hz), 7.43 (2H, d, J=8.5 Hz), 7.29 
(1H, d, J=8.5 Hz), 7.02 (2H, d, J=8.5 Hz), 6.88 (1H, br s), 6.84 (1H, d,d, 
J=8 52 Hz), 6.28 (2H, s), 4.08 (1H, septet, J= 7 Hz), 3.03-3.10 (2H, m), 2.80 
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(2H, t, J=7.5 Hz), 2.38 (2H, t, J=7.5 Hz), 0.89 (3H, d, J= 7 Hz),; MS (M+H)+ 
= 392. Analysis calc'd for C19H22N3O4CKO.75 H 2 0): C, 57.58; H, 5.72; N, 
10.00; Found: C, 57.43; H, 5.46; N, 10.22. 

5 Example 173 

Preparation of N-Hvdroxv-N-5- [n.phRnoxvbenzovnamino1>pent-3-vn-2-vl »rga 
Step 1- Preparation of G- ptennxvrienznvnamino-2-proPvne. 

To a dichloromethane (25 mL) solution of amino-2-propyne (0.96 g, 17.43 
mmol) and triethylamine (3.33 mL, 23.7 mmol) at 0 *C was added 3- 

1 0 phenoxybenzoyl chloride (3.68 g, 15.8 mmol) in dichloromethane (25 mL) in a 
dropwise fashion. The reaction was stirred for lh after removing the cooling bath 
and partitioned between dichloromethane and 10% aqueous HQ. The layers were 
separated and the aqueous layer was extracted with dichloromethane (2x). The 
combined organic layers were washed (lx, saturated sodium bicarbonate; lx, 

1 5 brine), dried (MgSCH), and concentrated under vacuum to give a golden oil. 

Recrystallization with ehter ethyl acetate provided the title compound as a colorless 
solid (2.95 g, 74%). 

Step 2j Preparation of 5- n-phenoxvben70vnamino-3-proPvn-2-ol 

A solution of (3-phenoxy benzoyl)amino-2-propyne (2.54 g, 10.1 mmol) in 

20 dry THF (30 mL) was cooled to -78 °C and n-butyl lithium (8.9 mL, 2.5 M 

solution in hexanes, 22.4 mmol) added via syringe . Acetaldehyde was added via 
syringe in a single portion to the red reaction solution. After stirring for 10 min at 
-78 *C, the reaction was quenched by adding excess saturated ammonium chloride 
and partitioned between water and ethyl acetate. The aqueous layer was extracted a 

25 second time and the combined organic layers were washed (lx, saturated sodium 
bicarbonate; lx, brine), dried (MgSCH), and concentrated under vacuum to provide 
a Hght yellow oil. Purification by chromatography (silica gel, 30% ethyl 
acetate/hexanes) to provide the title compound as a colorless oil (1.05 g, 35%). 
St ft p \ Preparation of N-HvoVoxv.N-5.r n.phenoxvbenzovl)amino1-pent-3-vn-2-vl 

30 urea . 

The title compound was prepared as described for the conversion of N-Boc- 

1- amino-2-propanol to (d,0-N-Hydroxy-N-[3-((ierr-butyoxyc^nyl)amino)prop- 

2- yl]urea using 5-(3-phenoxybenzoyl)armno-3-propyn-2-ol in lieu of N-Boc-1- 
amino-2-propanol. The purified product was obtained after chromatography (silica 

35 gel, 3% methanol/dichloromethane) as a colorless foam. 

m.p. 63-85 *C (shrinking and melting observed over the entire range); *H NMR 
(300 MHz, D 6 -DMSO) 923 (Hi s),8.67 (1H, t, J= 6 Hz), 7.20-7.32 (4H, m), 
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7.16 (1H, d, J= 4.5 Hz), 6.47 (2H, s), 5.82 (1H, d, J= 4.5 Hz), 4.91 (1H, br q, 
J= 7 Hz), 3.98 (2H, dd, J= 6,1.5 Hz), 1-24 (3H, d, J= 7 Hz); MS (M+H)+ = 
362, (M+NH4) + = 379. 

5 The substituted amide-linked N-hydroxyurea compounds of Examples 174- 

253 as shown in Table 45are prepared by the method used for Example 2 
substituting m-phenoxybenzoic acid with the requisite substituted mercaptobenzoic 
acid derivative which can be prepared by alkylation of the corresponding 
mercaptobenzoate according to the procedure described in example 23 for the 
l o alkylation of 3-hydroxybenzoate. 

Table 5 

Novel Substituted Mercaptobenzoate Amide-linked N-Hydroxyureas 



0 OH 




Ri 

-(CH2)2CH 3 
-(CH 2 )2CH3 
-(CH 2 )3CH3 
-(CH 2 )3CH3 
-(CH2)4CH3 
-(CH2)4CH 3 
-(CH 2 )5CH3 
-(CH2)5CH3 
-CH2CH(CH3)2 
-CH2CH(CH3)2 
-(CH2)2CH(CH3)2 
-(CH 2 )2CH(CH3)2 
-(CH2)3CH(CH3)2 
-(CH2)3CH(CH3)2 
-(CH 2 )4CH(CH 3 )2 
-(CH2)4CH(CH3)2 
-CH 2 CH=CH2 



Example 


n 


174 


0 


175 


2 


176 


0 


177 


2 


178 


0 


179 


2 


180 


0 


181 


2 


182 


0 


183 


2 


184 


0 


185 


2 


186 


0 


187 


2 


188 


0 


189 


2 


190 


0 
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191 


2 


-CH2CH=CH2 


192 


0 


-rrflfu-CH2CH=CHCH3 


193 


2 


-*ro/u-CH2CH=CHCH3 


194 


0 


-rra/u-CH2C(CH3)=CHCH3 


195 


2 


-*ra/tf-CH2C(CH3)=CHCH3 


196 


0 


-CH2CH=C(CH3)CH3 


197 


2 


-CH2CH=C(CH3)CH3 


198 


0 


-CH2CH2N(CH3)2 


199 


2 


-CH2CH2N(CH3)2 


200 


0 


-CH2CH2N(CH2CH3)2 


201 


2 


-CH2CH2N(CH2CH3)2 


202 


0 


-(CH2)2CH2N(CH3)2 


203 


2 


-(CH 2 )2CH 2 N(CH3)2 


204 


0 


-(CH2)2CH2N(CH2CH3)2 


205 


2 


-(CH2)2CH2N(CH2CH3)2 


206 


0 


-CH2-2-pyridyl 


207 


2 


-CH2-2-pyridyl 


208 


0 


-CH2-3-pyridyl 


209 


2 


-CH2-3-pyndyl 


210 


0 


-CH2-4-pyridyl 


211 


2 


-CH2-4-pyridyl 


212 


0 


-CH2-2-furyl 


213 


2 


-CH2-2-fuiyl 


214 


0 


-CH2-3-fuiyl 


215 


2 


-CH2-3-fuiyl 


216 


0 


-CH2-2-thienyl 


217 


2 


-CH2-2-thienyl 


218 


0 


-CH2-3-thienyl 


219 


2 


-CH2-3-thienyl 


220 


0 


-CH2-2-benzo[b]thienyl 


221 


2 


-CH2-2-benzo[b]thienyl 


222 


0 


-CH2-2-benzo[b]furyl 


223 


2 


-CH2-2-benzo[b]furyl 


224 


0 


-CH2-2-thiazoyl 


225 


2 


-CH2-2-thiazoyl 


226 


0 


-CH2-2-imidazoyl 
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227 


2 


-CH2-2-imickzoyl 


228 


0 


-CH(CH3)-2-pyriniidyl 


229 


2 


-CH(CH3)-2-pyrimidyl 


230 


"0 


-CH(CH3)-2-pyridyl 


231 


2 


-CH(CH3)-2-pyridyl 


232 


0 


-CH(CH3)-3-pyridyl 


233 


2 


-CH(CH3)-3-pyridyl 


234 


o 


-CH(CH3)-4-pyridyl 


235 


2 


-CH(CH3)-4-pyridyl 


236 


o 


-CH(CH3)2-2-furyl 


237 


2 


-CH(CH3)2-2-furyl 


238 


o 


-CH(CH3)-3-furyl 


239 


2 


-CH(CH3)-3-furyl 


240 


0 


-CH(CH3)-2-thienyl 


241 


2 


-CH(CH3)-2-thienyl 


242 


0 


-CH(CH3)-3-thienyl 


243 


2 


-CH(CH3)-3-thienyl 


244 


o 


-CH(CH3)-2-benzo[b]thienyl 


245 


2 


-CH(CH3)-2-benzo[b]thienyl 


246 


o 


-CH(CH3)2-2-benzo[b]furyl 


247 


2 


-CH(CH3)2-2-benzo[b]fuiyl 


248 


0 


-CH(CH3>2-tbiazoyl 


740 


o 
i» 


-CHfCH^-thiazoyl 


250 


0 


-CH(CH3)-2-imida2oyl 


251 


2 


-CH(CH3)-2-iniidazoyl 


252 


0 


-CH(CH3)-2-pyrimidyl 


253 


2 


-CH(CH3)-2-pyrimidyl 



The substituted amide-linked N-hydroxyurea compounds of Examples 254- 
293 as shown in Table 6 are prepared by the method used for Example 2 
substituting m-phenoxybenzoic acid with the requisite substituted aminobenzoic 
acid derivative which can be prepared by routine alkylative methodology for 
5 anilines. 

Table 6 

Substituted Aminobenzoate Amide-linked N-Hydroxyureas 
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0 OH 




Example 


Rl 




-(CH2)2CH3 


255 


-(CH2)3CH3 


256 


-(CH2MCH3 


257 


-(CH2)5CH3 




-CH2CH(CH3)2 


259 


-(CH2)2CH(CH3)2 


260 


-(CH2)3CH(CH3)2 


0A1 
Z01 


-(CH2)4CH(CH3)2 


262 


-CH2CH=CH2 


263 


-trans-CH2CH=CHCH3 


264 


-trans-CH2C(CH3)=CHCH3 


265 


-CH2CH=C(CH3)CH3 


266 


-CH2CH2N(CH3)2 


267 


-CH2CH2N(CH2CH3)2 


268 


-(CH2)2GH2N(CH3)2 


269 


-(CH2)2CH2N(CH2CH3)2 

X mm f mm mm ^ mm w 


270 


-CH2-2-pyridyl 




-CH2-3-pyridyl 


272 


•CH2-4-pyridyl 


273 


-CH2-2-furyl 


274 


-CH2-3-fuiyl 


275 


-CH2-2-thienyl 


276 


-CH2-3-thienyl 


277 


-CH2-2-benzo[b]thienyl 


278 


-CH2-2-benzo[b]fuiyl 


279 


-CH2-2-thiazoyl 


280 


-CH2-2-imidazoyl 


281 


-CH(CH3)-2-pyrimidyl 1 


282 


-CH(CH3)-2-pyridyl 


283 


-CH(CH3)-3-pyridyl 
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284 


-CH(CH3)-4-pyridyl 


285 


-CH(CH3)2-2-fuiyl 


286 


-CH(CH3)-3-furyl 


287 


-CH(CH3)-2-thienyl 


288 


-CH(CH3)-3-thienyl 


289 


-CH(CH3)-2-benzo[b]thienyl 


290 


-CH(CH3)2-2-benzo[b]furyl 


291 


-CH(CH3)-2-thiazoyl 


292 


-C3H(CH3)-2-imidazoyl 


293 


-CH(CH3)-2-pyrimidyl 



The substituted amide-linked N-hydroxyurea compounds of Examples 294- 
373 as shown in Table 7 are prepared by the method used for Example 2 
substituting m-phenoxybenzoic acid with the requisite substituted furanoic acid 
5 derivative which can be prepared according to the substitution procedure outlined in 
example 40. 

Table 7 

Substituted Hydroxybenzoate Amide-linked N-Hydroxyureas 

10 



O OH 




Example 


X 


Ri 


294 


0 


-(CH2)2CH3 


294 


s 


-(CH2)2CH3 


296 


0 


-(CH2)3CH 3 


297 


s 


-(CH2)3CH3 


298 


0 


-(CH2)4CH3 


299 


s 


-(CH2)4CH 3 


300 


0 


-(CH2)5CH 3 


301 


s 


-(CH2)5CH 3 


302 


0 


-CH2CH(CH3)2 
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303 S -CH2CH(CH3)2 

304 o -(CH2)2CH(CH 3 )2 

305 S -(CH2)2CH(CH3)2 

306 0 -(CH2)3CH(CH 3 )2 
30? S -(CH 2 )3CH(CH3)2 

o -(CH 2 )4CH(CH 3 )2 

309 S -(CH 2 )4CH(CH3)2 

310 0 -CH 2 CH=CH2 
3n s -CH2CH=CH2 

312 o -rran5-CH2CH=CHCH3 

313 s .frflns-CH2CH=CHCH 3 
01 a n -trans- 

CH 2 C(CH3)=CHCH3 

ok c -trans- 

CH 2 C(CH3)=CHCH3 

3l6 o -CH2CH=C(CH 3 )CH3 

3n s -CH 2 CH=C(CH 3 )CH3 

3lg o -CH 2 CH 2 N(CH3)2 

319 s -CH2CH2N(CH 3 )2 

320 o -CH2CH2N(CH2CH3)2 

321 s .CH2CH2N(CH 2 CH3)2 

322 o -(CH 2 )2CH2N(CH3)2 

323 s -(CH 2 )2CH2N(CH 3 )2 

324 o -(CH2)2CH2N(CH2CH3)2 

325 s .(CH2)2CH2N(CH2CH3)2 

326 o -C3i2-2-pyndyl 

327 s -CH2-2-pyridyl 

328 o -CH2-3-pyndyl 

329 s -CH2-3-pyndyl 

330 o -CH2-4-pyridyl 

331 s -CH2-4-pyndyl 

332 o -CH2-2-furyl 

333 s -CH2-2-furyl 

334 0 -CH 2 -3-furyl 

335 s -CH2-3-furyl 

336 o -CH2-2-thienyl 

337 s -CH2-2-thienyl 



338 



O -CH 2 -3-thienyl 
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339 S -CH2-3-thienyl 

340 0 -CH2-2-benzo[b]thienyl 

341 S -CH2-2-benzo[b]thienyl 

342 O -CH2-2-benzo[b]furyl 

343 S -CH2-2-ben2o[b]fuiyl 

344 0 -CH2-2-thiazoyl 

345 S -CH2-2-thiazoyl 

346 O -Ol2-2-iimdazoyl 

347 S -CH2-2-imidazoyl 

348 O -CH(CH3)-2-pyriniidyl 

349 S -CH(CH3)-2-pyriinidyl 

350 0 -CH(CH3)-2.pyridyl 

351 S -CH(CH3)-2-pyridyl 
351 0 -CH(CH3>3-pyridyl 

353 S -CH(CH3)-3-pyridyl 

354 O -CH(CH3)-4-pyridyl 

355 S -CH(CH3)-4-pyridyl 

356 O -CH(CH3)2-2-fuiyl 

357 S -CH(CH3)2-2-fuiyl 

358 0 -CH(CH3)-3-furyl 

359 S -CH(CH3)-3-fuiyl 

360 0 -CH(CH3)-2-thienyl 

361 S -CH(CH3)-2-thienyl 

362 O -CH(CH3)-3-thienyl 

363 S -CH(CH3).3-thienyl 

364 0 -CH(CH3)-2-benzo[b]thienyl 

365 S -CH(CH3)-2-benzo[b]thienyl 

366 0 -CH(CH3)2-2-benzo[b]fuiyl 

367 S -CH(CH3)2-2-benzo[b]fiuyl 

368 O -CH(CH3>2-thiazoyl 

369 S -CH(CH3)-2-thiazoyl 

370 O -CH(CH3)-2-iniidazoyl 

371 S -CH(CH3)-2-imidazoyl 

372 O -CH(CH3)-2-pyiimidyl 

373 S -CH(CH3)-2-pyrimidyl 
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The substituted amide-linked N-hydroxyurea compounds of Examples 374- 
384 as shown in Table 8 are prepared by the method used for Example 57 
substituting m-phenoxybenzoic acid with the requisite substituted benzoic acid 
derivative and by employing the procedure from example 57 while employing the 
5 products from examples 48, 49, or by synthesis of other analogues derived from 
natural and unnatural amino acids following the procedures in example 48. 
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Table 8 

Substituted Phenoxybenzoate Amide-linked N-Hydroxyureas 

O R4 OH 

11 TT a Y 

5 



Example 


R4 


374 


(S)-Me 


375 


(R)-Me 


376 


(S)-Et 


377 


(R)-Et 


378 


(R)-n-Pr 


379 


(R)-i-Pr 


380 


(RH-Bu 


381 


(R)-n-Bu 


382 


(R)-CH2Ph 


383 


(R)-CH20H 


384 


(R)-(CH2)4NH2 



The substituted amide-linked N-hydroxyurea compounds of Examples 385- 
428 as shown in Table 9 are prepared by the method used for Example 1 
substituting m-phenoxyaniline with the requisite substituted ortho-, meta-, or para- 
l o hydroxyaniline derivative which can be prepared according to the alkylation 
procedure outlined in example 23 utilizing N-Boc-hydroxyanilines in lieu of 
hydroxybenzoate. 
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Table 9 

Substituted Hydroxyaniline Amide-linked N-Hydroxyureas 



5 




Example 


Rl 


385 


-CH2CH3 


386 


.(CH 2 )2CH 3 


387 


-(CH2) 3 CH 3 


388 


-(CH2)4CH 3 


389 


-(CH 2 )5CH3 


390 


-CH2CH(CH3)2 


391 


-(CH2)2CH(CH3)2 


392 


-(CH2)3CH(CH3)2 


393 


-(CH2)4CH(CH3)2 


394 


-CH2CH=CH2 


395 


-trans-CH2CH=CHCH3 


396 


-trans-C3l2C(CH3)=CHCH3 


397 


-CH2CH=C(CH3)CH3 


398 


-CH2CH2N(CH3)2 


399 


-CH2CH2N(CH2CH3)2 


400 


-(CH2)2CH2N(CH3)2 


401 


-(CH2)2CH2N(CH2CH3)2 


402 


-CH2-2-pyridyl 


403 


-CH2-3-pyridyl 


404 


-CH2-4-pyridyl 


405 


-CH2-2-furyl 


406 


-CH2-3.furyl 


407 


-CH2-2-thienyl 


408 


-CH2-3-thienyl 


409 


-CH2-2-benzo[b]thienyl 


410 


-CH2-2-benzo[b]furyl 


411 


-CH2-2-thiazoyl 
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412 


-CH2-2-imidazoyl 


413 


-C3I(CH3)-2-pyriimdyl 


414 

Hit 


-CH(CH3)-2-pyTidyl 


415 


-CH(CH3)-3-pyridyl 


HiO 


-CH(CH3)-4-pyridyl 


417 


-CH(CH3)2-2-finyl 


418 


-CH(CH3)-3-furyl 


419 


-CH(CH3)-2-thienyl 


420 


-CH(CH3)-3-thienyl 


421 


-CH(CH3)-2-benzo[b]thienyl 


422 


-CH(CH3)2-2-benzo[b]fuiyI 


423 


-CH(CH3)-2-thiazoyl 


did 


-CH(CH3)-2-iimdazoyl 


425 


-CH(CH3)-2-pyrimidyl 


426 


-2-pyridyl 


427 


-3-pyridyl 


428 


-4-pyridyl 



The substituted amide-linked N-hydroxyurea compounds of Examples 429- 
508 as shown in Table 10 are prepared by the method used for Example 1 
substituting m-phenoxyaniline with the requisite substituted ortho-, meta-, or para- 
5 mercaptoaniline derivative which can be prepared by alkylation of the 

corresponding mercaptoaniline according to the procedure described in example 23 
for the alkylation of 3-hydroxybenzoate but employing N-Boc-mercaptoaniline in 
lieu of 3-hydroxybenzoate. 
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Table 10 

Substituted Mercaptoaniline Amide-linked N-Hydroxyureas 



5 




Example 


n 


Ri 


429 


0 


-(CH 2 )2CH3 


430 


2 


-(CH 2 )2CH3 


431 


0 


-(CH 2 )3CH3 


432 


2 


-(CH 2 )3CH3 


433 


0 


-(CH 2 )4CH3 


434 


2 


-(CH 2 )4CH3 


435 


0 


-(CH 2 )5CH3 


436 


2 


-(CH 2 )5CH3 


437 


0 


-CH 2 CH(CH3) 2 


438 


2 


-CH 2 CH(CH3) 2 


439 


0 


-(CH 2 )2CH(CH3)2 


440 


2 


-(CH 2 ) 2 CH(CH 3 ) 2 


441 


0 


-(CH 2 )3CH(CH 3 ) 2 


442 


2 


-(CH 2 )3CH(CH 3 )2 


443 


0 


-(CH 2 )4CH(CH3) 2 


444 


2 


-(CH 2 )4CH(CH 3 )2 


445 


0 


-CH 2 CH=CH 2 


446 


2 


-CH 2 CH=CH 2 


447 


0 


-rraw-CH 2 CH=CHCH3 


448 


2 


-rra/«-CH 2 CH=CHCH3 


449 


0 


-/ra/w-CH 2 C(CH3)=CHCH3 


450 


2 


-wwtf-CH 2 C(CH3)=CHCH3 


451 


0 


-CH 2 CH=C(CH3)CH3 


452 


2 


-CH 2 CH=C(CH3)CH3 


453 


0 


-CH2CH 2 N(CH3) 2 


454 


2 


-CH 2 CH 2 N(CH3) 2 


455 


0 


-CH 2 CH 2 N(CH 2 CH3) 2 



WO 93/02037 



456 

457 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 
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9 


-CH?CH2N(CH2CH3)2 


0 


-(CH2)?CH2N(CH3)2 


9 


-fCH9)9CH9NfCH^)? 

V^^^Z/Z ^ A 


n 
u 


-CCH9)9CH9N(CH9CH^)2 


9 


-fCH?)?CH?N(CH?CH^)2 




-CH9-2-pvridvl 


9 


-CH9-2-Dvridyl 


n 


-CH9-3-DYridyl 


9 


-CH9-3-Dvridvl 


n 


-CH9-4-Dvridvl 


9 


-CH9 -4-D vrid vl 


n 
yj 


-CH9-2-furyl 


9 


-GH?-2-furyl 


o 

u 


-CH9-3-furvl 


9 


-CH9-3-furvl 


n 
u 


-CH9-2-thienvl 


9 


-CH9-2-thienvl 


u 


-CH9-3-thienvl 


9 


-CH9-3-thienyl 


o 


-CH2-2-benzo[b]thienyl 


9 


-CH2-2-benzo[b]thienyl 


0 


-CH2-2-benzo[b]fuiyl 


9 


-CH9-2-benzorb]furvl 


o 


-CH?-2-thiazoyl 


9 


-CH9-2-thiazovI 


n 


-CH9-2-imidazovl 


9 


-CH9 -2-imidazo vl 


n 


-CHCCH^V2-pyrimidyl 


9 
«■« 


-CH((^)-2-pyrimidyl 


o 


-CH(CH3)-2-pyridyl 


2 


-CH(CH3)-2-pyridyl 


u 


-CHfCH^-3-Dvridvl 


2 


-CH(CH3)-3-pyridyl 


0 


-CH(CH3)-4-pyridyl 


2 


-CH(CH3)-4-pyridyl 


0 


-CH(CH3)2-2-furyl 
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492 


2 


-CH(CH3)2-2-furyl 


493 


0 


-CH(CH3)-3-furyl 


494 


2 


-CH(CH3)-3-fuiyl 


495 


0 


-CH(CH3)-2-thienyl 


496 


2 


-CH(CH3)-2-thienyl 


497 


0 


-CH(CH3)-3-thienyl 


498 


2 


-CH(CH3)-3-thienyl 


499 


0 


-CH(CH3)-2-benzo[b]thienyl 


500 


2 


-CH(CH3>2-benzo[b]thienyl 


501 


0 


-CH(CH3)2-2.benzo[b]furyl 


502 


2 


-CH(CH3)2-2-benzo[b]furyl 


503 


0 


-CH(CH3)-2-thiazoyl 


504 


2 


-CH(CH3)-2-thiazoyl 


505 


0 


-CH(CH3)-2-imidazoyl 


506 


2 


-CH(CH3)-2-iiradazoyl 


507 


0 


-CH(C3i3)-2-pyrimidyl 


508 


2 


-CH(CH3)-2.pyrimidyl 



The substituted amide-linked N-hydroxyureas compounds of Examples 
509-548 as shown in Table 1 1 are prepared by the method used for Example 1 
substituting m-phenoxyaniline with the requisite substituted ortho-, meta-, or para- 
5 arainoaniline derivative which can be prepared by routine alkylative methodology 
for anilines. 

Table 11 

Substituted Aminobenzoate Amide-linked N-Hydroxyureas 



10 




Example Rl 

509 -(CH2)2CH3 

510 -(CH2)3CH3 

511 >(CH2)4CH3 
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513 




014 


-fCH9V)CHfCHl)2 


010 


-CCH?)^CH(CH3)2 


olo 


-(CH2)4CH(CH3)2 


C 1*7 

517 


-CH?CH=CH2 


SIR 


-trans-CH2CH=CHCH3 




-trans-CH2C(CH3)=CHCH3 




-CH2CH=C(CH3)CH3 


*o i 
0Z1 


-CH2CH2N(CH3)2 


SOI 


-CH?CH2N(CH2CH3)2 


0Z0 


-rCH2)2CH2N(CH3)2 


0Z4 


-fCTl9)2CH2N(CH2CH3)2 


OZO 


-CH?-2-pyridyl 


0Z0 


-CH9-3-Dvridvl 


OZ/ 


-CHo -4-d vrid vl 


Oft 
0Z5 


-CH9-2-furvl 


OQ 

ozy 


-CH?-3-furyl 


OOU 


-CH2-2-thienyl 




-CH2-3-thienyl 




-CH2-2-benzo[b]thienyl 




-CH2-2-benzo[b]furyl 


OOH- 


•CH9-2-lhiazoyl 


OOJ 


-CH2-2-imidazoyl 


ooo 


-OT(CHi)-2-pyrimidyl 


JJ / 


-CH(CH3)-2-pyridyl 


000 


-CH(CH3)-3-pyridyl 


51Q 

007 


-CH(CH3)-4-pyridyl 


54n 


-CH(CH^)2-2-furyl 


041 


-CH(CH^)-3-furyl 


549 
0*fZ 


-CH(CH3)-2-thienyl 


5/11 
040 


-CHfCH^-3-thienvl 


544 


-CH(CH3)-2-benzo[b]thienyl 


545 


-CH(CH3)2-2-benzo[b]furyl 


546 


-CH(CH3)-2-thiazoyl 


547 


-CH(CH3)-2-imidazoyl 
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548 -CH(CH3)-2-pyrimidyl 



The examples presented above are provided to enable one skilled in the art to 
practice the present invention and should not be read as limiting the scope of the 
invention which is defined by the appended claims. 
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WE CLAIM: 

1 . A compound having the structure 

O 
II 

I 

OM 

or a pharmaceutical!)- acceptable salt thereof wherein 

5 

R 1 is selected from the group consisting of 

(a) hydrogen, 

(b) alkyl of from one to six carbon atoms, 

(c) alkenyl of from two to six carbon atoms, 

i o (d) cycloalkyl of from three to six carbon atoms, and 

(e) NR 2 R 3 where R 2 and R 3 are independendy selected from 
hydrogen or alkyl of from one to six carbon atoms; 

A is selected from the group consisting of 
is (a) 






wherein 



R 4 is selected from 
hydrogen, 

one, two, or three halogen atoms, 
amino, 

alkyl of from one to six carbon atoms, 
alkoxy of from one to twelve carbon atoms, 
alkenyloxy in which the alkenyl portion is of from 

one to twelve carbon atoms, 
phenoxy, optionally substituted with 

one, two, or three halogen atoms, 
alkyl of from one to six carbon atoms, 
haloalkyl of from one to six carbon atoms, 
alkoxy of from one to six carbon atoms, 
phenylalkoxy in which the alkoxy portion is 
of from one to six carbon atoms, 
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thiophenoxy, optionally substituted with 

one, two, or three halogen atoms, 
alkyl of from one to six carbon 
atoms, 

55 haloalkyl of from one to six carbon 

atoms, 

alkoxy of from one to six carbon 
atoms, 

benzoyl, 

60 pyridyloxy, 

phenylsulfonyl optionally substiuted with halogen, 
phenylamino optionally substituted with halogen; 

R s is hydrogen or phenyl optionally substituted with 
65 halogen or alkyl of from one to six carbon 

atoms; 

Wis -CH 2 -, -0-,or-S-; 
70 Xis-CH-orN; 

Yis a valence bond or is selected from 

alkylene of from one to six carbon atoms, 
alkenylene of from two to six carbon atoms, and 
75 oxyalkylene of from one to sue carbon atoms; 

Z is oxygen, NR 6 , or sulfur, where R 6 is alkyl of from one 
to six carbon atoms, or substituted or unsubstituted 
caibocyclicaiyl; 

80 

B is selected from the group consisting of 
(a) 

I 

II 

O 
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5 



(b) 

R 9 



II 

o (c) 



R9 
I 

■(CH 2 )nr N ""D- 



(d) 

-(S02)-NR 9 -D- 

whercinR 9 is selected from 
hydrogen, 

alkyl of from one to six carbon atoms, 

benzyl, or 

thienylmethylene, 



D is straight or branched chain alkylene of from one to six 
carbon atoms; and 

misOorl; 

M is hydrogen, a pharmaceutically acceptable cation, or a pharmaceutically 
acceptable prodrug leaving group. 

2. A compound as defined by Claim 1 wherein R 1 is NR 2 R3 where R 2 and R 3 
are as defined therein. 
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3. A compound as defined by Claim 2 wherein Bis 

R 9 
I 

— C^ N ^D — 
II 

0 

where D and R^ are as defined therein. 

5 

4. A compound as defined by Claim 3 wherein D is (-CH2-)n or 

CH 3 
I 

(CH 2 ) n CH 

wherein n is 1, 2, or 3. 

5 

5 . A compound as defined by Claim 2 wherein B is 

R 9 

I ^ 

H 

0 

6 . A compound as defined by Claim 2 wherein B is 



R 9 
I 

-(CH2)nr N ^D- 



where D, m, and R 9 are as defined therein. 



A compound as defined by Claim 2 wherein B is -(S02)-NR 9 -D- where D 
and R9 are as defined therein. 

A compound as defined by Claim 1 selected from the group consisting of 

N-hydroxy-N-[2-((3-phenoxybenzoyl)amino)ethyl]urea; 

N-hydroxy-N-[2<(5K4-memylphenoxy)furan-2K)yl)ainino)ethyl]urea; 

N-hydroxy-N-[(((3-phenoxyphenyl)ainmo)carbonyl)memyl]urea; 

N-hydroxy-N-[2^(3-phenoxybenzoyl)aimno)ethyl]urea; 

N-hya^xy-N-[2-((3-butoxyoenzoyl)anrino)ethyl]urea; 



93 



N-hydroxy-N-[2-((3K4-cW(m>phenoxy)benzoyl)amino)ethyl]urea; 

N-hydroxy-N-[(((rraw-(3K4^hlorophenoxy)phenyl)prop-2<nyl)amino)- 
carbonyl)methyl]urea; 

N-hydroxy-N-[2-((3-(4^hlorophenoxy)benzoyl)amino)ethyl]urca; 

N-hydroxy-N-[2K(5K4^hlorophenoxy)fur-2-oyl)amho)ethyl]urea; 

(R>N-hydroxy-N-[2-((5-(4-chlorophenoxy)fur-2-oyl)aniino)propyl]urea; 

(S)-N-hydroxy-N42-((5-(4-cWorophenoxy)fur-2K)yl)aniino)propyl]urea^ 

(R>N-hydroxy-N-[3-((5-(4-flucrophenoxy)furaji-2-oyl)amiiK>)prop-2- 
yljurea; 

(S)-N-hydroxy-N-[3-((5-(4-noorophenoxy)f^-2K>yl)amino)prop-2 
yflurea; 

(R)-N-hydroxy-N-[3-((5-(4-flucm)thiophenoxy)furan.2-oyl)amino)prop-2- 
yljurea; 

(S)-N-hydroxy-N-[3-((5-(4-fluorothiophenoxy)furan-2K>yl)amino)pro^ 
yljurea; 

N-Hydroxy-N-[2-((5-(4^hlorophenoxy^^^^ and 

N-Hydroxy-N-[3^(5-(4-fluorophenoxy)far^^ 

ot a phannaceuticaUy acceptable sdt thereof. 

A pharmaceutical composition for inhibiting the biosynthesis of leukotrienes 
comprising a therapeutically effective amount of a compound as defined by 
Claim 1 in combination with a phaimaceutically acceptable carrier. 

A method of inhibiting the biosynthesis of leukotrienes comprising 
administering to a mammal in need of such treatment a therapeutically 
effective amount of a compound as defined by Claim 1. 
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